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The p r o j e c t  e n t i t l e d  S t u d y  o f  G e o g r a p h i c a l  D i s t r i  b u t i o r i  o f  
Geomagnet ic  M i c r o p u l s a t i o n s "  i n v o l v e s  a i o - o p e r a t i v r  d a t a  r e c o r  d i n g  
p r o g r a m  w i t h  B o e i n g  S c i e n t i f i c  R e s e a r c h  L a b o r a t o r i e s  i n  S e a t t l e .  and  a 
s u p p l y  to NASA i n  d i g i t a l  form of  a c e r t a n  amount o f  t h e  r e c o r d e d  d a t a ,  
namely  t h a t  p a r t  Lon o f  t h e  o b s e r v i n g  p e r i o d  which c o n t a i n s  i n t o r m a t i o n  
of i n t e r e h t .  
r n  April. 1966 a program of r o r ~ t i n u o u s  r P C o r d i n g  o f  g e o m a g n e t i c  
m i c r o p ~ i l s a t i o n s  111 t h r e e  o r t h o g o n a l  components  (Hx Hy Hz) was commenc ed 
and a p a r t  from o c c a s i o r i d l  i r i t  + - t r u p t i u r i D  d u e  t o  equipmeti t failure, 
c o n t i n u e d  u n t i l  1 J u l y 7  S u b s t q u - n t  t u  t h a t  d a t e ,  arid c o n t i n u i n g  up t c  
t h e  p r e s e n t  t ime (November 1966), I e - O r d L K g s  w ~ r e  made only of t h e  two 
l o m p o n e n t s  i n  t h e  h o r i z o n t a l  p l a n e .  1 . e -  Hx and Hy t h e  v e r t i  a1 
component  Hz havi r jg  t o  be o m i t t e d  b e c a u s e  o f  u n r e l i a b i l i t y  o f  t h e  
c h o p p e r  a m p l i f i e r s .  
The accurst y o f  t h e  d a t a  r e c o r d i n g  on  f r e q u r n c y - m d d u l * t  ed 
m a g n e t i c  t a p e s  h a s  b e e n  c h e c k e d  b y  p l a y i n g  bark and  d c m o d u l a t i n g  a 
number o f  l e n g t h y  samples and making  c h a r t  r e c o r d i n g s  o t  t h +  
f l u c t u a t i o n s  and c o m p a r i n g  t h e s e  W I  t h  c h a r t  r e c o r d i n g s  made d i r e ( ' t 1 y  
f rn.nl t h e  a m y l i f i  o u t p u t s  a t  t h e  f i e l d  s t a t i o n .  T h e s e  r o m p r i s o r i s  
showed t h a t  t h e  o r i p n s l  s i g n a l s  were b e i n g  r e c o v e r y d  from t h e  magnetic, 
t a p e s  i n  a quite s a t i s f a c t o r y  way. 
D e t a i l s  o t  t h e  f r e q u e n c y - d e m o d u l a t o r  snd  d i g 1  t i L e r  a n d  
a s s o c i a t e d  s a m p l e - h o l d  c i r c u i t r y ,  (for s i m u l t  m e o u b  r dther t h a r i  s e q u e n t i a l  
s a m p l i n g  o f  t h e  i n d e p e n d e n t  s i g n a l s  coming from t h e  t h r e e  o r t h o g o n a l  
c o m p o n e n t s  o f  t h g  m i c r o p u l s a t i o n s ) ,  a r e  g i v e n  i r i  a s e p a r a t e  s e c t i o n  o f  
t h i s  r e p o r t  as  i s  a d e s c r i p t i o n  of  t h e  improved  s t a n d a i d i s i n g  and  
c a l i b r a t i n g  p r o c e d u r e s  whlcb h a v e  been d e v e l o p e d  and  employed during 
p a r t  o f  t h e  r ~ c o r d i n g  p e r i o d  Also a b e c t i o n  i s  I n c l u d e d  o n  a p r e c i s i o n  
t i m i n g  s y s t r m  which h a s  been  d e s i g n e d  and t e s t p d  b u t  n o t  y e t  c o n s t r u c t e d  
i n  i t s  f i n a l  form o r  p ~ i t  i n t o  o p e r a t i o n -  S i n c e  a c o n s i i d e r a b l e  amount o f  
r e c o r d e d  d a t a  on m i c r o p u l s a t i o n s  h a s  b e e n  as(  n m u l a t e d  i n  t h e  p a s t  e i g h t  
m o n t h s  i t  i s  now p r o p o s e d  t o  a t t e m p t  t o  c a r r y  out some a n a l y s i s  of s u c h  
f e a t u r e s  a s  p o w t ~  s p e c t r a ,  p h a s e  p r o p a g a t i o n  f r o m  p c i n t  t o  p o i n t  as  a 
f u n c t i o n  o f  f l u c t u a t i o n  f r e q u e n c y ,  and c o h e v e n c y  be tween s p a c e d  
s t a t i o n s ,  An i n d i c a t i o n  o f  the computer p r o g r a m s  t o  be a p p l i e d  is 
i n c l u d e d  i n  t h e  l a t e r  s e c t i o n s  o f  t h i s  r e p o r t .  
t 
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D u r i n g  r;he p e r i o d  o f  c u r r e n c y  o f  t h e  NASA g r a n t ,  t h e  R a d i o  
R e s e a r c h  Board o f  A u s t r a l i a  o r g a n i s e d  a s,-mposium o n  g e o m a g n e t i c  
m i c r o p u l s a t i o n s  a t  H o b a r t  I Tasmania  ( i n  August  1965). S i n c e  t h e  
c~l -? te?=t  sf si;c ;f xhe L C V L ~ W  p a p e r s  p r e p a r e d  by a member o f  t h e  
Q u e e n s l a n d  U n i v e r s i t y  m i c r o p u l s a t i o n  g r o u p  1s d i r e c t l y  r e l e v a n t  t o  t h e  
work o f  t h i s  g r o u p  under  t h e  NASA r e s e a r c h  g r a n t  a c o p y  o f  t h e  p a p e r  
i s  i n c l u d e d  in t h l s  r e p o r t  I n  a d d i t i o n .  a s t u d y  o f  t h e  f r e q u e n c y  
s p e c t r a  of m i c r o p u l s a t i o n s  r e c o r d e d  a t  s i t e s  i n  E a s t e r n  A u s t r a l i a  i s  
a p p e n d e d .  as w e l l  as a d e s c r i p t i o n  o f  t h e  p r o g r e s s  t o  d a t e  o f  some 
work done  by members o f  t h e  g r o u p  011 t h e  s m a l l - s c a l e  g e o g r a p h i c a l  
d i s t r i b u t i o n  o f  m i c r o p u l s a t i o n s ,  and t h e i r  d e p e n d e n c e  on t h e  l o c a l  
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T h r e e  componen t s  of m i c r o p u l s a t i o n  sigr3al in t h e  f ' requency  
r a n g e  5 t o  100 mllz. indue-ed into magnetic p i c k  lip coils h a v e  been  
r e c o r d e d  s i m u l t a n ~ o u s i y  on m a g r i e t i ~  t a p e  m o v i ~ j g  a t  t h e  r a t e  of 674 
i n c h e s  p e r  hour  i n  + h e  form o f  f i r q u e n c y  m o d u l a t i o n  c f  a 10H1 c a r r i e r  
The f o u r t h  t r aLk  on  th- m a g n e t i (  t - lye  h a s  bC-p!-l i iscd to rt-r.0r-g a n  
unrnodulated 10Hz ~ a r r i e r ,  For t i n i n g  F u r p c s e s  a c a l i b r s t i ~ n  50 mHz 
s i g n a l  w a s  added  t o  t h -  m i c r o p u l s a t i o n  s i g n a l  c h a n n e l s  f o r  one  m i n u t e  
e v e r y  hour arid +or t w e n t y  m i n u t t . s  s t a r t i n g  a t  m i d n i g h t .  
These  t a p e s  h a v e  been r e c o r d e d  dt t h e  f i e l d  s t a t i o n  and 
arc b e i n g  a n a l y s e d  i r l  t h e  Labora t c i iy  
On r t p l a y ,  t h e  t a p e  s p e e d  is i n r r e a s e d  by a f a c t o r  o f  on+ 
7 
h u n d r e d  t o  1 / 8 "  p ~ r  s + \ - o n d  bo t h a t  thF- i n f o r m a t i o n  (now i n  t h o  r a n g ?  
0,5 t o  10 He) a p p e a r s  a s  f r e q u e n r y  m o d u l a t i o n  o f  a 1 kHz c a r r i e r  
The m i c r o p u l s a t i o n  s i g n a l s  a r e  o b t a i n e d  by f r e q u e n c y  d e m o d h l a t i n g  
t h i s  a u d i o  t o n e  v i a  a m o n o s t a b l e  n u l t i v i b r a t o r  and i n t e g r a t i n g  t h e  
o u t p u t  p u l s e s  u s i n g  a s u i  t a b l e  R - C  s z c t i o n ,  
Two f a c t o r s  have  b e e n  o b s e r v e d  t o  d e g r a d e  t h e  quaLit ,y  o f  t h e  
s i g n a l  o b t a i n e d  a f t e r  d e m o d u l a t i o n -  r e i a t i v t .  t o  c h a r t  r e c o r d s  made 
i n  t h e  f i e l d  a t  t h e  same t i m e  a s  the m a g n e t i c  t a p e s  were  r e c o r d e d .  
F i r s t l y ,  u n s e e n  movement- o f  t h e  magne t i c  t a p e  on  r e c o r d i n g  or r e p l a y  
( e , g .  s t r e t c - h i n g  o f  t h e  t a p e s  o r  i r r e g u l a r  c a p s t a n  r o t a t i o n )  h a s  t h e  
e f f e c t  o f  E x t e n d i n g  or c o m p r ~ s s i n g  t h e  l e n g t h  o f  a c y c l e  on t a p e  
i , e .  i t  c a u s e s  an u n d e s i r e d  f r e q u e n c y  m o d u l a t i o n  o f  t h e  c a r r i e r s $  
T h i s  u n d e s i r e d  s i g n a l  commonly c a l  l e d  "wowll, o c c u r s  s i m u l t a n e o u s l y  
o n  a l l  t r a c k s  111 t h e  same form and  i f  not compensa ted  tor will l e a d  t o  
c o r r e l a t i o n s  b e t w e e n  componen t s  e v e n  when n o  s u c h  c o r r e l a t i o n s  e x i s t  
b e t w e e n  t h e  o r i g i n a l  m i c r o p u l s a t i o n  c o m p o a s n t s .  ( S e e  c h a p t e r  6 - 
"Magne t i c  Tape I n s t r u m e n t a t i o n "  G , L .  D a v i e s ,  McGraw-Hi l l ,  796'1). 
F i g u r e  I,'/ i l l u s t r a t e s  t h i s  e f f e c t  i n  t h e  c a b e  o f  r k z o r d e d  t e s t  sliit 
waves  
4. 
S e c o n d l y .  a s  t h e  a u d i o  t o n ?  i s  demodidl3ted u s i ~ g  a m o n o s t a b l e  
a mil  I t i v i b r a t o r  c y c l e  by c y c l e  r e p r o d u c t i o n  of t h e  r e c o r d e d  w a v e - f o r m  is 
n e c e s s a r y  t o  o b t a i n  t r i g g e r i n g  p u l s e s  On r e p l a y  of  t h e  m a g n e t i c  t a p e  
h o w e v e r ,  t h i s  c o d i t i c c  i s   st dwzjis s d ~ i ~ r i e d .  l r r e g u l s r i t i e s  i n  ? h e  
f l u c t u a t i o n s  i n  t h e  a m p l i t u d e  o f  t h e  r e p r o d u c e d  s i g n a l  r a n g i n g  f rom 
- ' s t r u c t u r e  o f  t h e  t a p e  n o n - u n i f o r m  c o n t a c t  w i t h  t h e  t a p e  h e a d ,  e t c .  c a u s e  
I m i n o r  f a d i n g s  t o  a c o m p l e t e  d r o p o u t  of  s i g n a l  for a number o f  c y c l e s .  
The b a s i c  d e m o d u l a t i o n  s y s t e m  which h a s  b e e n  d e v e l o p e d  t o  
e n d e a v o u r  t o  overcome t h e s e  d e f e c t s  1s shown i n  t h e  b l o c k  d i a g r a m  i n  
F i g u r e  q,3* The s i g n a l  f rom t h e  t a p e  i s  a m p l i f i e d  u n t i l  i t  i s  o f  t h e  
o r d e r  of  a few v o l t s .  T h i s  s i g n a l  i s  t h e n  compared w i t h  t h e  outpLct 
o f  a m u l t i v i b r a t o r  and a n y  p h a s e  d i f f e r e n c e  i s  d e t e c t e d ;  t h i s  
g e n e r a t e s  a D C v c l t a g e  which is f e d  back  t o  c o n + . r o l  t h e  f r e q u e n c y  o f  
t h e  m u l t i v i b r a t o r .  I n  t h i s  way t h e  m u l t i v i b r a t o r  is p h a s e - l o c k e d  t o  
t h e  i n c o m i n g  s i g n a l .  When t h e r e  i s  a d r o p o u t  of  t h e  i n c o m i n g  s i g n a l .  
t h e  m u l t i v i b r a t o r  w i l l  t e n d  t o w a r d s  i t s  t r e e - r u n n i n g  f r e q u e n c y ,  b u t  
b e c a u s e  o f  t h e  f i l t e r i n g  of  t h e  f e e d b a c k  c o n t r o l  v o l t a g e  i t  w i l l  be held 
f o r  a t i m e  a t  a p p r o x i m a t e l y  t h e  same f r e q u e n c y  as  t h e  1n;oming s i g n a l  
b e f o r e  t h e  d r o p o u t ,  A s  t h e  d r o p o u t  may l a s t  a t  most  o n l y  t e n  c y c l e s  t h i s  
means t h a t  n e g l i g i b l e  d i s t o r t i o n  r e s b l t s .  I f  t h e  m u l t i v i b r a t o r  were 
s i m p l y  t r i g g e r e d  t o  s y n c h r o n i s e  w i t h  t h e  i n c o m i n g  f r e q u e n c y  t h i s  would 
mean i t s  f r e e  r u n n i n g  f r e q u e n c y  would h a v e  t o  b e  l o w e r  t h a n  t h a t  o f  
t h e  i n c o m i n g  s i g n a l ,  ana  when a d r o p o u t  o c c u r r e d  t h e  m u l t i v i b r a t o r  would 
r e v e r t  i m m e d i a t e l y  t o  i t s  f r e e  r u n n i n g  f r e q u e n c y .  t h u s  i n t r o d u c i n g  a 
d i r e c t i o n  
t d i s t o r t i o n  o f  t h e  d e m o d u l a t e d  wave which would a l w a y s  be i n  t h e  o n e  
The p h a s e - l o c k e d  o s c i l l a t 2 0 r  g i v e s  a c o n s t a n t  a m p l i t u d e  o u t p u t  
t o  g e n e r a t e  t r i g g e r i n g  p u l s e s  for t h e  m u l t i v i b r a t o r  and t h u s  e f f e c t i v e l y  
c o m p e n s a t e s  f o r  a n y  d r o p o u t s  t h a t  may h a v e  o c c u r r e d .  A va lve  multi- 
v i b r a t o r  h a s  b e e n  u s e d  s o  t h a t  T;hp r e s u l t a n t  d e m o d u l a t e d  w a v e  1s o f  t h e  
o r d e r  of t e n  v o l t s ,  which i s  t h e  i n p u t  l e v e l  r e q u i r e d  by t h e  A n a l o g - t o -  
D i g i t a l  C o n v e r t e r .  I f  a t r a n s i s t o r  system h a d  b e e n  used t h i s  would h a v e  
n e c e s s i t a t e d  a s u b s e q u e n t  a m p l i f i e r  s t a g e  t o  o b t a i n  t h e  r e q u i r e d  o u t p u t .  
All f o u r  t a p e  t r a c k s  are d e m o d u l a t e d  i n  a s i m i l a r  way, The 
s i g n a l  t r a c k s  a r e  n e x t  p a s s e d  t h r o u g h  c a t h o d e  f o l l o w e r  s t a g e s  w h i l s t  
t h e  'lwow" t r a c k  i s  p h a s e  i n v e r t e d  a n d  t h e n  r e s i s t i v e l y  a d d e d  t o  e a c h  o f  
t h e  s i g n a l  c h a n n e l s -  This e f f e c t i v e l y  s u b t r a c t s  t h e  u n d e s i r e d  wow f r o m  
t h e  s i g n a l  l e a v l n g  o n l y  t h e  r e q u i r e d  m i c r o p u l s a t i o n  component The D C, 
l e v e l  o f  t h e  o u t p u t  i s  t h e n  s e t  d e p e n d i n g  or1 t h e  form of o u t p u t  r e q u i r e d :  
for c h a r t  OV +5V f o r  F.S D , and f e r  A/D c o n v e r s i o n  - 5 V  T5V for F,S D 
D e t a i l e d  c i r c u i t r y  i s  g i v e n  i n  F i g u r e s  1.4 - 1.10. w h i l s t  F i g u r e s  1.2.  
7-13. 1 , 1 4  a r e  e x a m p l e s  o f  c h a r t e d  s i g n a l  which  h a v e  b e e n  r e c o n s t r u c t e d  
a 
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The a b o v e  s y s t e m  h a s  a l s o  been u s e d  t o  r e c o n s t r u c t  o t h e r  F-M 
t a p e s  u s e d  t o  r e c o r d  e a r t h  c u r r e n t s  f rom s p a c e d  s t a t i o n s ,  T h e s e  
t a p e s  were  r e c o r d e d  a t  15/64 i n c h  p e r  s e c o n d  u s i n g  2 c a r r i e r s  of 
L f V  '3r)n IIz a d  2 of' 400 Hz A wow c o r r e c t i o n  c a r r i e r  o f  300 HZ w a s  a l s o  
r e c o r d e d ,  mixed w i t h  one  o f  t h e  400 Hz s i g n a l s ,  On r e p l a y  a f i l t e r i n g  
s y s t e m  ( F i g u r e s  ' l o l l ,  1 1 2 )  w a s  n e c e s s a r y  t o  s e p a r a t e  t h e s e  mixed 
s i g n a l s ,  b u t  e x c e p t  for t h e  d i f f e r i n g  f r e q u e n c i e s  r e s u l t i n g  from a 
s p e e d - u p  f a c t o r  of e i g h t  ( v i z -  2160 and 3200 Hz f o r  s i g n a l s  a n d  2400 Hz 
for wow) t h e  r e m a i n d e r  o f  t h e  sys tem i s  v e r y  s imi l a r  t o  t h e  a b o v e  
F i g u r e  1.15 i s  a n  example o f  comporlents o f  e a r t h  c u r r e n t s  f rom two 
s t a t i o n s  a p p r o x i m a t e l y  65 k i l o m e t r e s  a p a r t .  
Sample-Hold  C i r c u i t  
--I_----_ 
S i n c e  t h e  t a p e  s p e e d - u p  o n  r e p l a y  r e s u l t s  i n  s i g n a l  
f r e q u e n c i e s  u p  t o  10 Hz. s e q u e n t i a l  d i g i t i z a t i o n  i n  t h e  s i x -  
c h a n n e l  A n a l o g - D i g i t a l  C o n v e r t e r  a t  t h e  f a s t e s t  punch r a t e  would 
g i v e  a p h a s e  d e l a y  of a b o u t  one  c y c l e  b e t w e e n  c h a n n e l s  one  and  s i x .  
I t  i s  t h u s  o b v i o u s  t h a t  f o r  a c c u r a t e  c o m p a r i s o n s  o f  r e c o r d s  a h o l d i n g  
s a m p l e r  i s  n e c e s s a r y ;  t h t s  e n s u r e s  t h a t  a l l  c h a n n e l s  a r e  sampled  a t  
t h e  same i n s t a n t  i n  t i m e ,  
I n  t h e  c i r c u i t  d e v e l o p e d  ( F i g u r e  1 , 1 6 )  a c a p a c i t o r  C i s  
c h a r g e d  u p  t o  t h e  i n p u t  v o l t a g e ;  t h i s  v o l t a g e  is t h e n  r e a d  o f f  when 
r e q u i r e d ,  A t  t h e  f a s t e s t  p u n c h i n g  r a t e  a v a i l a b l e  t h e  c h a n n e l  
m u l t i p l e x e r  r e m a i n s  on e a c h  c h a n n e l  for a p e r i o d  of  20 m i l l i s e c o n d s ,  
The f i n a l  d i g i t i z i n g  p r o c e s s  and  p u n c h i n g  t a k e s  p l a c e  d u r i n g  t h e  l a s t  
4.5 m s  o f  t h i s  p e r i o d ,  t h u s  l e a v i n g  a t i m e  i n t e r v a l  of l 5 . 5  m s  for 
s a m p l i n g ,  I n  t h e  c i r c u i t  c o n s t r u c t e d .  s i g n a l  e r a s u r e  and  r e s a m p l i n g  
o c c u p i e s  13 m s  o f  t h i s  t i m e .  
I n  o r d e r  t o  o b t a i n  maximum i n f o r m a t i o n  from l e s s  t h a n  6 
c h a n n e l s ,  a m u l t i p o l e  s w i t c h  e n a b l e s  two c h a n n e l s  t o  b e  sampled  t h r e e  
t i m e r  p e r  c y c l e  of t h e  m u l t i p l e x e r ,  o r  t h r e e  c h a n n e l s  t w i c e  p e r  c y c l e ,  
T h i s  s w i t c h  s u p p l i e s  t h e  c o r r e c t  s e q u e n c e  o f  s a m p l i n g  t r i g g e r  p u l s e s  
a s  w e l l  as s w i t c h i n g  t h e  i n p u t  s i g n a l s  t o  t h e  a p p r o p r i a t e  m u l t i p l e x e d  
c h a n n e l s .  A sample  t ime c h a r t  i s  shosvn i n  F i g u r e  1 . 1 7 ,  
T r i g g e r  p u l s e s  f o r  t h e  s a m p l i n g  c i r c u i t  a r e  t a k e n  from 
c h a n n e l s  1 ,  3, 4, 5 i n  t h e  m u l t i p l e x e r ,  F o r  d i g i t i z i n g  more t h a n  
t h r e e  c h a n n e l s  o f  i n f o r m a t i o n  t h e  t r i g g e r  p u l s e  i s  u s e d  from c h a n n e l  
1 ,  i e e o ,  t h e  s i g n a l  i s  sampled  a t  t h e  commencement o f  e a c h  m u l t i -  
p l e x e r  c y c l e  o f  o p e r a t i o n .  For  t h r e e - c h a n n e l  o p e r a t i o n  s a m p l i n g  is 
e f f e c t e d  a t  t h e  s tar t  of c h a n n e l s  1 and 4, w h i l e  f o r  t w o - c h a n n e l  
o p e r a t i o n  s a m p l i n g  o c c u r s  a t  c h a n n e l s  1 3 ,  5. 
‘ b  
I 
I -  
A f t e r  i n v e r s i o n ,  t h e  l e a d i n g  e d g e  o f  t h e  t r i g g e r  p u l s e  f i r e s  
a m o n o s t a b l e  m u l t i v i b r a t o r ,  g i v i n g  a p u l s e  o f  l e n g t h  3 m s  u s e d  t o  
d i s c h a r g e  t h e  s t - o r z g e  c z p c i c i t o r  t h r o u g h  a t r a n s i s t o r  The t r a i l i n g  
e d g e  of  t h i s  p u l s e  1s a l s o  u s e d  t o  t r i g g e r  a s e c o n d  m o n o s t a b l e ,  t h e  
o u t p u t  o f  which  i s  a p u l s e  o f  l e n g t h  4 m s ,  T h i s  c l o s e s  t h e  m a g n e t i c  
s w i t c h  and  a l l o w s  t h e  s t o r a g e  c a p a c i t o r  t o  c h a r g e  u p  t o  t h e  i n p u t  
v o l t a g e .  B e c a u s e  o f  t h e  l o n g  t ime  c o n s t a n t  o f  t h e  r e l a y  c o i l ,  t h e  
c h a r g i n g  p r o c e s s  c o n t i n u e s  for a b o u t  7 m s  ( i , e .  a b o u t  8 t i m e  c o n s t a n t s  
o f  t h e  c h a r g i n g  n e t w o r k ) ,  
V o l t a g e  r e a d o u t  f rom t h e  c a p a c i t o r  i s  a c c o m p l i s h e d  b y  means 
of a f i e l d - e f f e c t  t r a n s i s t o r  Loss of  v o l t a g e  c a n  o c c u r  t h r o u g h  
c a p a c i t o r  l e a k a g e  c o n d u c t a n c e  t h r o u g h  a back-  b i a s s e d  d i o d e .  a n d  
leakage t h r o u g h  t h e  f i e l d - e f f e c t  t r a n s i s t o r .  The o v e r a l l  l e a k a g e  
r e s i s t a n c e  i s  t h e  p a r a l l e l  c o m b i n a t i o n  o f  t h e s e  t h r e e ,  U s i n g  a h i g h  
q u a l i t y  l o w - l e a k a g e  d i o d e  and  a s t a n d a r d  p o l y e s t e r  c a p a c i t o r ,  s i g n a l s  
c a n  b e  h e l d  w i t h o u t  loss for p e r i o d s  u p  t o  10 s e c o n d s ,  t h u s  i n d i c a t i n g  
a t o t a l  leakage r e s i s t a n c e  o f  t h e  o r d e r  o f  10 Ma. I f  n e c e s s a r y ,  t h i s  
c o u l d  b e  i m p r o v e d  e v e n  f u r t h e r  by t h e  u s e  o f  a b e t t e r  q u a l i t y  c a p a c i t o r  
( e . g ,  M y l a r )  a n d  by t h e  u s e  o f  a MOS f i e l d - e f f e c t  t r a n s i s t o r  r a t h e r  
t h a n  t h e  j u n c t i o n  gate  t y p e  u s e d  h e r e ,  
A d i s a d v a n t a g e  of t h e  b a s i c  c i r c u i t  i s  t h e  p r e s e n c e  of  D . C ,  
o f f s e t  a t  t h e  o u t p u t ,  which  a r i s e s  from t h e  n o n - c a n c e l l a t i o n  of 
v o l t a g e  d r o p s  i n  t h e  c h a r g i n g  t r a n s i s t o r  a n d  d i o d e  ( b o t h  s i l i c o n  
t y p e s ) ,  This o f f s c t  was e f f e c t i v e l y  removed by p r o v i d i n g  a r e v e r s e  
series v o l t a g e  a t  t h e  o u t p u t .  The sys tem h a s  a n  o v e r a l l  g a i n  o f  
0,95 and t h e  t r a n s f e r  c h a r a c t e r i s t i c  i s  l i n e a r  t o  b e t t e r  t h a n  1% 
7 .  
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1 8 .  
I '  ' 2 ,  OUTPUT OF DItiI'FIZED DATA FOR COMPUTATIONAL PUliPOSES - ---I-- ~ - - ~ - ~ - - - -  
I .  
I . M .  B r a z i e r  
The Six C h a n n e l  Data A c q u i s i t i o n  Sys tem s u p p l i e d  u n d e r  
g r a n t  NGR-52-039-002 c o n s i s t s  o f  a m u l t i p l e x e r ,  a n  A n a l o g - t o - '  
D i g i t a l  c o n v e r t e r ,  a t i m e r  and a T a l l y  p e r f o r a t o r ,  The u n i t  m u l t i -  
p l e x e s  s i x  c h a n n e l s  o f  d a t a ,  d i g i t i z e s  and  f o r m a t s  t h e  d a t a  and  
t r a n s f e r s  i t  t o  a punched  p a p e r  t a p e ,  
Data in t h e  form of 8 b i t  b i n a r y  i n f o r m a t i o n  i s  punched  as  
s i n g l e  c h a r a c t e r s  on e i g h t  c h a n n e l  p a p e r  t a p e ,  All s i x  c h a n n e l s  are  
p u n c h e d  s e q u e n t i a l l y  a t  a r a t e  which c a n  b e  s e l e c t e d  t o  b e  a sub- 
m u l t i p l e  o f  t h e  s y n c h r o n i z i n g  p u l s e s  u s e d .  The Data A c q u i s i t i o n  
S y s t e m  may b e  s y n c h r o n i z e d  i n t e r n a l l y  on  l i n e  f r e q u e n c y  o r  b y  s u i t a b l e  
e x t e r n a l  p u l s e s ;  t h e  p u n c h i n g  r a t e  i s  d e t e r m i n e d  by a p p r o p r i a t e  
d i v i s i o n  o f  t h e  s y n c h r o n i z e d  p u l s e  r a t e ,  
R e a d i n g  o f  t h i s  p a r t i c u l a r  f o r m a t  of e i g h t  c h a n n e l  p a p e r  
t a p e  f o r  c o m p u t a t i o n a l  p u r p o s e s  h a s  n o t  b e e n  p o s s i b l e  t o  d a t e  w i t h  
t h e  U n i v e r s i t y  o f  Queens land  Computer C e n t r e ' s  GE 225 Computer .  
C o n s i d e r a t i o n  w a s  g i v e n  t o  t h e  u s e  of 6 or 7 b i t  b i n a r y  i n f o r m a t i o n ,  
b u t  b e c a u s e  of t h e  l o s s  o f  a c c u r a c y  r e s u l t i n g  f rom s u c h  a m e a s u r e  it 
w a s  d e c i d e d  i n s t e a d  t o  p e r f o r a t e  a second f o r m  of  p a p e r  t a p e ,  
A W e s t e r n  E l e c t r i c  Company " T e l e t y p e "  High Speed  Tape Punch 
S e t  (BRPE 110) w a s  r e a d i l y  a v a i l a b l e ,  t o g e t h e r  w i t h  a s p e c i a l  P a p e r  
Tape  P u n c h i n g  Sys tem which  h a s  32 i n p u t s  which  a r e  punched  s e q u e n t i a l l y  
four a t  a t i m e ,  a h o l e  b e i n g  punched i f  t h e  i n p u t  v o l t a g e  i s  z e r o  o r  
p o s i t i v e  w h i l s t  no h o l e  i s  punched  i f  t h e  i n p u t  v o l t a g e  i s  - 4 , 2  v o l t s .  
Hole  n u m b e r s  2 t o  5 of  f i v e  c h a n n e l  p a p e r  t a p e  a r e  u s e d  f o r  d a t a  
r e c o r d i n g  w h i l s t  i t  i s  a l s o  p o s s i b l e  w i t h  t h i s  s y s t e m  t o  punch  m a n u a l l y  
a n y  5 b i t  c h a r a c t e r .  
The T e l e t j - p e  punch i s  a s y n c h r o n o u s  u n i t  h a v i n g  a m a g n e t i c  
p i c k u p  t h a t  p r o d u c e s  s y n c h r o n i z i n g  p u l s e s  a t  t h e  r a t e  o f  110 p e r  
s e c o n d .  w h i l s t  t h e  T a l l y  P e r f o r a t o r  U n i t ,  Model 4 2 0 ,  i s  
a s y n c h r o n o u s .  A few minor  m o d i f i c a t i o n s  were  n e c e s s a r y  t o  u s e  t h e  
P a p e r  Tape  P u n c h i n g  Sys tem i n  c o n j u n c t i o n  w i t h  t h e  S i x  C h a n n e l  
Data A c q u i s i t i o n  Sys tem,  
F i r s t l y .  t h e  p u l s e s  f rom t h e  T e l e t y p e  p u n c h ,  which  a r e  u s e d  
t o  s y n c h r o n i z e  t h e  o p e r a t i o n  of  t h e  d i g i t i z e r  and t h e  two p u n c h e s ,  
h a v e  b e e n  r e s h a p e d ,  A l s o ,  t h e  punch r a t e  s w i t c h  i n  t h e  Data A c q u i s i t i o n  
Sys tem h a s  b e e n  r e w i r e d  s o  t h a t  t h e  s y n c h r o n i z i n g  p u l s e s  f e d  b a c k  t o  
t h e  P a p e r  Tape P u n c h i n g  System a l w a y s  o c c u r  a t  t w i c e  t h e  r a t e  o f  t h o s e  
which  a c t u a l l y  d r i v e  t h e  Data A c q u i s i t i o n  Sys tem and  e i g h t  c h a n n e l  
T a l l y  t a p e  p e r f o r a t o r .  S e c o n d l y ,  t h e  e i g h t  i n f o r m a t i o n  s i g n a l  l e v e l s  
f o r  t h e  P a p e r  Tape P u n c h i n g  S y s t e m  c o r r e s p o n d i n g  t o  t h e  e i g h t  b i t s  o f  
bifia1-7 :nformatioi? ,  wei-e o 'u td ;Lr ied  from The i o g i c  l e v e l s  which  c o n t r o l  
t h e  p e r f o r a t o r  s o l e n o i d s  i n  t h e  Data A c q u i s i t i o n  S y s t e m ,  The 32 i n -  
p u t s  o f  t h e  P u n c h i n g  Sys tem were c o n n e c t e d  as  i n d i c a t e d : -  
L e v e l  c o r r e s p o n d i n g  t o  128 b i t  I n p u t s  (1, 9 -  17< 25) A 
64 1 1  
32 1 1  





T h i r d l y v ,  t h e  r e s e t  c o n d i t i o n s  
. . . . . . .  I' (2, IO, 18 26) B 
1 1  (4, 12, 20. 28) D . . . . . . .  
. . . . . . .  (5, 13, 21. 29) E 
. . . . . . .  1 1  (6, 14, 22, 30) F 
I' (7: 15, 23: 31) G 
" (8, 16? 24, 32) H 
e . . * , . .  
. . . . . . .  
_ .  of  b o t h  s y s t e m s  were r e a d j u s t e d  s o  t h a t  
when a c t i v a t e d  t h e  f o l l o w i n g  s e q u e n c e  o f  e v e n t s  o c c u r s  - 
Tape p u n c h i s  
Sys tem 
- Punch S y n c h -  P u l s e .  Data A c q u i s i t i o n  System I- 
1 st M u l t i p l e x e r  g o e s  t o  I n p u t s  A - D  i , e  4 
c h a n n e l  1 and i n f o r -  mos t  s i g n i f i c a n t  
m a t i o n  d i g i t i z e d ,  b i t s  o f  c h a n n e l  1 
i n f o r m a t i o n  punched  
2nd 
3rd 
M u l t i p l e x e r  r e m a i n s  o n  I n p u t s  E-H i , e .  4 
c h a n n e l  1 and 8 b i t  i n -  1 e a s t  s i g n f  f i c  a n t  
f o r m a t i o n  punched b y  T a l l y  b i t s  o f  c h a n n e l  1 
p e r f o r a t o r  i n f o r m a t i o n  p u n c h e d ,  
M u l t i p l e x e r  g o e s  t o  I n p u t s  A - D  i , e .  4 
c h a n n e l  2 and i n f o r -  mos t  s i g n i f i c a n t  
m a t i o n  d i g i t i z e d ,  b i t s  o f  c h a n n e l  2 
i n f o r m a t i o n  p u n c h e d ,  
S u c c e s s i v e  p u l s e s  c a u s e  t h e  T e l e t y p e  punch t o  punch t h e  4 m o s t  
s i g n i f i c a n t  b i t s  a n d  t h e n  t h e  4 l e a s t  s i g n i f i c a n t  p i t s  o f  t h e  infor- 
m a t i o n  w h i l s t  a l t e r n a t e  p u l s e s  c a u s e  t h e  m u l t i p l e x e r  t o  c y c l e  t h r o u g h  
t h e  s i x  c h a n n e l s  of i n f o r m a t i o n  w i t h  t h e  T a l l y  p e r f o r a t o r  p u n c h i n g  a l l  
8 b i t s  o f  t h e  i n f o r m a t i o n  a t  h a l f  t h e  r a t e  o f  t h e  T e l e t y p e  punch.  
21. 
A l t h o u g h  t h e  d i g i t i z e r  will p e r f o r m  a d i g i t i z a t i o n  o f  t h e  
i n f o r m a t i o n  f o r  e v e r y  s y n c h r o n i z i n g  p u l s e  f r o m  t h e  T e l e t y p e  punch 
( e v e n  t h o u g h  t h e  a c t u a l  punch r a t e  i s  o n l y  a f r a c t i n n  nf this r a t e )  
t h i s  w i l l  n o t  i n t r o d u c e  a n y  e r r o r s  a s  t h e  i n f o r m a t i o n  b e i n g  
d i g i t i z e d  h a s  b e e n  h e l d  c o n s t a n t  by a s a m p l i n g  c i r c u i t ,  which a c t s  
as a n  a n a l o g  memory, p r e c e d i n g  t h e  Data A c q u i s i t i o n  S y s t e m ,  
By m a n u a l l y  p u n c h i n g  u s i n g  a h o l e  i n  h o l e  number 1 o f  
t h e  5 c h a n n e l  p a p e r  t a p e ,  i t  i s  p o s s i b l e  t o  p u t  a d d i t i o n a l  coded  
i n f o r m a t i o n  on  t o  t h e  t a p e ,  T h i s  may be  i n  t h e  form o f  c o n t r o l  
d a t a  f o r  c o m p u t a t i o n a l  p u r p o s e s ,  or a l t e r n a t i v e l y ,  i n f o r m a t i o n  
s u c h  as d a t e  or o t h e r  i d e n t i f i c a t i o n  may b e  a d d e d ,  A s  a l l  e i g h t  
h o l e  p o s i t i o n s  a r e  u s e d  f o r  i n f o r m a t i o n  on  t h e  e i g h t  c h a n n e l  p a p e r  
t a p e  f r o m  t h e  T a l l y  p e r f o r a t o r  i t  i s  n o t  p o s s i b l e  t o  i n c l u d e  s u c h  
e x t r a  c o d e d  d a t a  o n  t h e s e  t a p e s .  
22 1 
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STANDARDIZATI O K  O F  EQUIPPENT SENSITIVITY 3 ' -_--_-_I_ I-_.- ---I-d' 
AND R O U T 1  NE CALIBRATIONS 
R , W , E ,  McNicol & R,S. F i t c h e w  
_l--ll__ 
In o r d e r  t o  g i v e  a fully q u a n t i t a % i v e  d e s c r i p t i o n  of t h e  m i c r o -  
p u l s a t i o n  f i e l d  a t  a g i v e n  p l a c e  and  t ime.  arid t o  compare  a c c u r a t e l y  t h e  
a m p l i t u d e s  of t h e  v a r i o u s  c o m p o n e n t s  a t  a s i n g l e  s t a t i o n  or a t  s e p a r a t e d  
s t a t i o n s .  i t  i s  n e c e s s a r y  t h a t  t h e  r e c o r d i n g  equipment  be s o  c a l i b r a t e d  
t h a t  i t s  a b s o l u t e  s e n s i t i v i t y  i s  known, and  c a n  be c h e c k e d  o n  a r o u t i n e  
b a s i s .  
I A t  E s k  i t  h a s  proved  c o n v e n i e n t  t o  r e c o r d  a i l  t h i e e  m a g n e t i c  
I o m p o n e n t s  2t t h e  same , , e n s i t i v i t y ;  t h u s  a s t a n d a i d  a l t e r n a t i n g  
m a g n e t i c  f i e l d  a p p l i e d  t o  e a c h  o f  t h e  s e n s o r s  p r o d u c e s  i d e n t i c a l  
s i g n a l s  i n  a l l  t h r e e  c h a n n e l s  o f  e a c h  o f  t h e  f i n a l  d a t a  r e c o r d i n g  
s y s t e m s  ( c h a r t ,  F ?$I t a p e ,  and s l o w  s p e e d  t a p e s ) ,  
A s  i n d i c a t e d  i n  S e c t i o n  x i v  o f  t h e  3 r d  Semi-Annual  R e p o r t ,  t h e  
p r i m a r y  s t a n d a r d  a l t e r n a t i n g  m a g n e t i c  f i e l d  d s e d  i n  c a l i b r a t i o n  i s  
o b t a i n e d  by r o t a t i n g  a t  a c o n s t a n t  known r a t e  a magnet  o f  a c c u r a t e l y  
known mompnt, p l a c e d  a m e a s u r e d  d i s t a n c e  f rom t h e  pick-lLp c o i l -  
However < t h i s  method is i n c o n v e n i e n t  for r o u t i n e  c a l i b r a t i o n ;  for that ,  
p u r p o s e  a s e c o n d a r y  s t a n d a r d  i s  i i s ~ d :  a n  a l t e r n a t i n g  c u r r e n t  o f  known 
a m p l i t u d z ,  and o f  t h e  same f r e y u e n ~ ' y  as the r o t a t i ~ ~ g  magnet IS a p p l i e d  
t o  t h e  c a l i b r a t i o n  c o i l s  on t h e  m u - m e t a l - c o r e d  m a g n e t i c  s e n s o r s  T h i s  
c a l i b r a t i n g  c u r r e n t  is o b t a i n e d  from a s t a n d a r d i z i n g  o s c i l l a t o r ,  which  
w i l l  be  d e s c r i b e d  l a t 2 r  
The p r o c e d u r e  for s e t t i n g  t h e  s t a n d a r d  c a l i b r a t i n g  c u r r e n t ,  f o r  
e a c h  p i c k - u p  c o i l .  and for a d j u s t i n g  t h e  s e n s i t i v i t i e s  o f  t h e  r e c o r d i n g  
s y s t e m s ,  is e s s e n t i a l l y  as  f o l l o w s : -  t h e  p i c k - u p  coil i s  p l a c e d  in a 
s p e c i f i e d  t e s t  p o s i t i o n  f o r  which t h e  a l t e r n a t i n g  f i e l d  due t o  t h e  
r o t a t i n g  magnet  h a s  been c a l c u l a t e d ,  and w i t h  t h e  magnet  r o t a t i n g  a t  
G,O5 r e v o l u t i o n s  p e r  s e c .  t h e  p e a k - t o - p e a k  o u t p u t ,  v o l t a g e  o f  t h e  
" M e d i s t o r "  p r e - a m p l i f i e r  c o n n e c t e d  t o  t h e  p i c k - u p  coil i s  n o t e d .  The 
r o t a t i n g  magnet i s  t h e n  b r o u g h t  t o  r e s t .  and t h e  s t a n d a r d i z i n g  
o s c i l l a t o r  t u r n e d  o n ,  and a v a r i a b l e  r e s i s t o r  (in t h e  c a l i b r a t i o n  
c o n n e c t o r  p a n e l )  in s e r i e s  w i t h  t h e  c a l i b r a t i o r L  coils i s  a d j u s t e d  t o  
g i v e  a c u r r e n t  t h r o u g h  t h e  c a l i b r a t i o n  c o i l s  which p r o d u c e s  t h e  same 
o u t p u t  v o l t a g e  from t h e  T I M e d i s t o r r f  p r e - a m p l i f i e r  as  t h e  r o t a t i n g  magnet  
d i d .  This s t a n d a r d  c a l i b r a t i n g  c u r r e n t  (for t h i s  p a r t i c u l a r  rnagnet lc  
s e n s o r )  i s  n o t e d  and  u s e d  i n  a l l  s u b s e q u e n t  c d l i b r a t i o n s  The g a i n  
c o n t r o l  of t h e  v o l t a g e  a m p l i f i e r  and o f  t h e  a p p r o p r i a t e  c h a n n e l  o f  a l l  
t h e  t a p e  r e c o r d i n g  s y s t e m s  i s  a d j u s t e d  t o  g i \ r e  t h e  r e q i i l r p d  l e v e l  o f  
t h e  r e c o r d e d  s i g n a l  on c h a r t  and  all m a g n e t i c  t a p e s ,  
i 
The same p r o c e d u r e  i s  r e p e a t e d  f o r  e a c h  of t h e  o t h e r  two 
m a g n e t i c  c o m p o n e n t s ,  t h e  p i c k - u p  c o i l  b e i n g  p l a c e d  i n  t h e  same t e s t  
p o s i t i o n  i n  e a c h  c a s e .  T e s t s  have  s h o w n  that the sensitivity o f  th? 
p i c k - u p  c o i l s  d o e s  n o t  a l t e r  a p p r e r i a b l y  when t h e y  a r e  moved b a c k  t o  
t h e i r  n o r m a l  r e c o r d i n g  p o s i t i o n s ,  S u b s e q u e n t  c a l i b r a t i o n s  c a n  t h e n  
b e  done  by m e r e l y  p r o d u c i n g  a g a i n  t h e  s t a n d a r d  c a l i b r a t i n g  c u r r e n t  
a p p r o p r i a t e  t o  e a c h  m a g n e t i c  s e n s o r  i n  i t s  c a l i b r a t i o n  c o i l s  I w i t h o u t  
r e f e r e n c e  t o  t h e  r o t a t i n g  magnet .  I n  p r a c t i c e  t h i s  i s  done a u t o -  
m a t i c a l l y  f o r  a f e w  m i n u t e s  a t  t h e  b e g i n n i n g  o f  e a c h  h o u r ,  and  for 
t e n  m i n u t e s  e a c h  m i d n i g h t ,  s o  t h a t  any v a r i a t i o n s  i n  e q u i p m e n t  
s e n s i t i v i t y  c a n  b e  s e e n  by i n s p e c t l o n  of t h e  c h a r t  or r e p l a y  and d e -  
m o d u l a t i o n  o f  t h e  F.M- t a p e .  I n  a d d i t i o n ,  a t : -orough c a l i b r a t i o n ,  i n  
which  t h e  g a i n  and a n y  D.C. o f f s e t  o f  e a c h  i n d i v i d u a l  u n i t  i n  t h e  r e c o r d  
i n g  s y s t e m  a r e  a l s o  c h e c k e d ,  i s  made d u r i n g  t h e  r o u t i n e  w e e k l y  v i s i t s  
t o  t h e  f i e l d  s t a t i o n .  
Because  of i t s  u s e  as  a s e c o n d a r y  s t a n d a r d  f o r  c a l i b r a t i o n  
p u r p o s e s ,  i t i s  i m p o r t a n t  t h a t  t h e  s t a n d a r d i z i n g  o s c i l l a t o r  s h o u l n  
p r o d u c e  a s i n u s o i d a l  u a v e  form o f  low d i s t o r t i o n ,  and  o f  c o n s t a n t  
a m p l i t u d e  and  f r e q u e n c y ,  C o n s e q u e n t l y  a b e t t e r  q u a l i t y  o s c i l l a t o r  
h a s  b e e n  d e s i g n e d  t o  r e p l a c e  t h e  c a l i b r a t i o n  o s c i l l a t o r  d e s c r i b e d  i n  
s e c t i o n  x i i i  o f  t h e  3 r d  Semi .Annual  R e p o r t  
The c i r c u i t  o f  t h e  new s t a n d a r d i z i n g  o s c i l l a t o r  i s  showrl 
i n  F i g  3 > 1 3  It 1s e s s e n t i a l l y  a p h a s e - r e t a r d  RC o s c i l l a t o r  i n  
which  a m p l i t u d e  s t a b i l i z a t i o n  i s  a c h i e v e d  b y  i i s i n g  a m p l i f i e r  
s a t u r a t i o n  a s  d e s c r i b e d  by L. N e l s o n - J o n e s  (1965). Tht. p h a s e -  
r e t a r d  n e t w o r k ,  shown i n  F i g .  3*2, h a s  s w l t c h e d  r e s i s t o r s  a n d  
c a p a c i t o r s ,  t h e r e b y  p r o v i d i n g  a c h o i c e  of  s i x  f r e q u e n c i e s -  The 
o s c i l l a t i o n  f r e q u e n c y  i s  g i v e n  by f = J6 , and t h e  v a l u e s  
2 n R C  
o f  R and  C u s e d  were a d j u s t e d  u n t i l  t h e  f r e q u e n c i e s  were  c l o s e l y  
e q u a l  t o  50, 100, 200, 500, 1,000, 2,000 m H z  r e s p e c t i v e l y .  
The " F a i r c h i l d T 1  uA702 o p e r a t i o n a l  a m p l i f i e r  u s e d  i n  t h e  
o s c i l l a t o r  c i r c u i t  h a s  s u f f i c i e n t  g a i n  ( a n  o p e n  l o o p  g a i n  of 2,300) 
t o  e n s u r e  t h a t  i t  i s  s a t u r a t e d  t o  t h e  e x t e n t  t h a t  f t s  o u t p u t  i s  a 
s q u a r e  wave,  o f  a m p l i t u d e  9V p - p ,  t h i s  a m p l i t u d e  b e i n g  d e p e n d e n t  
a l m o s t  e n t i r e l y  on t h e  v a l u e  o f  t h e  ( s t a b i l i z e d )  s u p p l y  v o l t a g e s -  I t  
i s  t h i s  f e a t u r e  w h i c h  e n s u r e s  t h e  a m p l i t u d e  s t a b i l i t y  o f  t h e  
o s c i l l a t o r ,  The o u t p u t  of  t h e  p h a s e - r e t a r d  n e t w o r k  ( w h i c h  i s  a l s o  f e d  
b a c k  t o  t h e  i n p u t  o f  t h e  pA7O.Z') i s  t h e n  a s i n e  wave of a m p l i t u d e  - 
23 
t h a t  o f  t h e  s q u a r e  wave ,  i , e ,  a b o u t  400 m V  p-p c o n t a i n i n g  2% t h i r d  
h a r m o n i c  d i s t o r t i o n ,  0.3% f i f t h  harmonic  d i s t o r t i o n ,  and  n e g l i g i b l e  
a m o u n t s  o f  t h e  h i g h e r  odd h a r m o n i c s  
For  i d e a l  o p e r a t i o n ,  t h e  o u t p u t  o f  t h e  p h a s e - r e t a r d  n e t w o r k  
m u s t  b e  p r e s e n t e d  w i t h  an  i n p u t  impedance  much g r e a t e r  t h a n  t h e  f a i r l y  
l a r g e  v a l u e  o f  t h e  r e s i s t o r s  R i n  t h e  p h a s P - r e t a r d  ~ e t m r k .  This i s  
a c h i e v e d  b y  t h e  u s e  o f  a t w o - s t a g e  e m i t t e r  f o l l o w e r ,  a s  s e e n  i n  F i g .  
3 , 1 ,  The o u t p u t  o f  t h e  e m i t t e r  f o l l o w e r  i s  t h e n  a m p l i f i e d  t o  t h e  
r e q u i r e d  l e v e l  by a F a i r c h i l d  p A 7 0 9  o p e r a t i o n a l  a m p l i f i e r ,  f o l l o w e d  b y  
a c o m p l e m e n t a r y - p a i r  power o u t p u t  s tage t o  p r o v i d e  a low o u t p u t  im- 
p e d a n c e  and  r e a s o n a b l y  l a r g e  o u t p u t  c u r r e n t s  i f  r e q u i r e d ,  The g a i n  
o f  t h e  p A 7 0 9 ,  and  h e n c e  t h e  a m p l i t u d e  o f  t h e  f u l l  o u t p u t  s i g n a l ,  i s  
made c o n t i n u o u s l y  v a r i a b l e  b y  means of  a v a r i a b l e  r e s i s t o r  which  c o n -  
t r o l s  t h e  amount  of  n e g a t i v e  f e e d b a c k .  The maximum a m p l i t u d e  a v a i l -  
a b l e  i s  5 V p e a k ,  
I n  a d d i t i o n  t o  t h e  f u l l  o u t p u t ,  a n  a t t e n u a t e d  o u t p u t  i s  
a v a i l a b l e  f rom which d e c i m a l  s u b - m u l t i p l e s  down t o  IOm6 o f  t h e  f u l l  
o u t p u t  a m p l i t u d e  a r e  a v a i l a b l e .  The a t t e n u a t o r ,  which p r e s e n t s  a 
c o n s t a n t  l o a d  o f  1KR t o  t h e  o u t p u t  s t a g e ,  i s  shown i n  F i g ,  3.3. 
R e f e r e n c e  - 
N e l s o n - J o n e s  L, ( 1 9 6 5 )  " A m p l i t u d e - s t a b i l i z e d  RC o s c i l l a t o r "  I 
W i r e l e s s  World V o l .  71: Novo 1965, pp .  536 - 539, 
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OSCI LLATOR AND AMPLI FI ER 
I I  
POWER SUPPLIES 
F i g .  3.1 CIRCUIT DIAGRAM OF STANDARD1 ZING OSCI LLATOR 
... . 
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Fig. 3 . 2  SWITCHED PHASE-RETARD NETWORK OF STANDARDIZING 
OSCILLATOR. 
F i g .  3 . 3  OUTPUT ATTENUATOR OF STANDARDIZING OSCILLATOR. 
27. 
1 %  . 4. A T I M I N G  SYSTEM F K U S E  W I T H  - SLOW-SPEED 
F , M TAPE RECORDING. 
J .  S , Mains tone  
I n t r o d u c t i o n  
The u n i t  d e s c r i b e d  below h a s  b e e n  d e s i g n e d ,  and  t h e  i d e a  
t e s t e d  i n  b a s i c  f o r m ,  b u t  t h e  f i n a l  c o n s t r u c t i o n  h a s  n o t  as y e t  
b e e n  c a r r i e d  out, 
I *  
I n  t h e  c o u r s e  o f  e x p e r i m e n t s  t o  d e t e r m i n e  t h e  c h a r a c t e r i s t i c s  
o f  m i c r o p u l s a t i o n s  a t  w i d e l y  s e p a r a t e d  s t a t i o n s  i n  A u s t r a l i a  i t  i s  
p r o p o s e d  t o  make u s e  o f  a s e r i e s  o f  s l o w - s p e e d  F.M. t a p e  r e c o r d e r s  
o f  t h e  t y p e  i n  u s e  a t  t h e  Esk b a s e  s t a t i o n .  The F.M, method of 
r e c o r d i n g  p r o v i d e s  a s i m p l e  method of a c c u r a t e l y  s t o r i n g  a n a l o g  d a t a  
f o r  s u b s e q u e n t  d i g i t i z a t i o n ,  For many p u r p o s e s s  s u c h  as  p h a s e  
c o m p a r i s o n  m e a s u r e m e n t s .  i t  i s  n e c e s s a r y  t o  h a v e  a c c u r a t e  t i m i n g  
i n f o r m a t i o n  a v a i l a b l e  on  r e p l a y ,  It i s  u n l i k e l y  t h a t  a c o m p l e t e  l o g  
o f  equipment  breakdowns  I power f a i l u r e s  e t c ,  would b e  f o r t h c o m i n g  from 
r e m o t e  s i t e s  ( v i s i t e d  p e r h a p s  o n c e  a week) ,  A s i m p l e  time-mark s y s t e r r ,  
i . e G  a r e c o g n i z a b l e  mark e v e r y  q u a r t e r  h o u r ,  r e q u i r i n g  c o u n t i n g  from a 
z e r o  t i m e  i n  o r d e r  t o  e s t a b l i s h  t h e  p a r t i c u l a r  q u a r t e r  h o u r ,  i s  t h e r e -  
f c r e  n o t  s a t i s f a c t o r y ,  
T h u s  t h e  p u r p o s e  o f  t h e  t i m i n g  s y s t e m  d e s c r i b e d  b e l o w  i s  t h r e e .  
f o l d  : 
( a )  t o  p r o v i d e  c o d e d  t i m e  marks e a c h  q u a r t e r  h o u r  on  t h e  s l o w - s p e e d  
F.M, t a p e s ,  
( b )  t o  d e t e r m i n e  t i m e  u n a m b i g o u s l y  when r e p l a y i n g  t a p e s  f rom numbers  
o f  d i f f e r e n t  r e m o t e  s t a t i o n s ,  
( e )  t o  a l l o w  programming o f  t h e  A n a l o g - t o - D i g i t a l  c o n v e r t e r  s o  t h a t  
d i g i t i z a t i o n  of  a s a m p l e  may commence p r e c i s e l y  a t  t h e  b e g i n n i n g  
o f  a n y  p r e d e t e r m i n e d  q u a r t e r - h o u r  i n t e r v a l  d u r i n g  t h e  d a y ,  
- F,M. Tape  R e c o r d i n g  Sys tem 
For s l o w - s p e e d  F.M. r e c o r d i n g  o f  m i c r o p u l s a t i o n  s i g n a l s ,  
a 4 x 2 t r a c k  M a r r i o t t  h e a d  s t a c k  (for t a p e )  i s  mounted o n  a 
s p e c i a l l y  c o n s t r u c t e d  d e c k  which runs a t  67$11/hr. T h i s  t a p e -  
a d v a n c e  s p e e d  i s  c h o s e n  t o  b e  2 of t h e  s t a n d a r d  t a p e  r e p l a y  s p e e d  
1 7/8I1/sec which  i s  employed when a n a l y s i n g  t h e  F.M. m i c r o p u l s a t i o n  d a t a  t a p e s  
T h e r e  a r e  3 s i g n a l  c h a n n e l s ,  e a c h  u s i n g  a c a r r i e r  f r e q u e n c y  o f  1 0  Hz 
100 
and a f r e q u e n c y  d e v i a t i o n  o f  + 10%. The f o u r t h  c h a n n e l  i s  u s e d  f o r  
wow c o r r e c t i o n .  a n  u n m o d u l a t e d  70 Hz s i g n a l  b e i n g  u s e d  as t h e  r e -  
fel-eilc e - 
B e c a u s e  o f  t h e  s l o w  t a p e  s p e e d ,  v o i c e  a n n o u n c e m e n t s  c a n n o t  
b e  s u p e r i m p o s e d ;  i n s t e a d  t h e  t i m i n g  i n f o r m a t i o n  i s  r e c o r d e d  o n  t h e  same 
t r a c k  as t h e  w o w - c o r r e c t i o n  s i g n a l  i n  t h e  form o f  a s e r i e s  o f  p u l s e s ,  
e a c h  o f  d u r a t i o n  2 s e c s  and a " c a r r i e r "  f r e q u e n c y  o f  4Hz. On r e p l a y  
i t  i s  r e l a t i v e l y  e a s y  t o  s e p a r a t e  t h e  10 Hz ( w i t h  a s l i g h t  wow-induced 
m o d u l a t i o n )  f rom t h e  4 Hz t i m i n g  p u l s e s ;  a c t u a l l y  s i n c e  s u c h  
s e p a r a t i o n  o c c u r s  a t  a s p e e d - u p  o f  100 t i m e s ,  t h e  f r e q u e n c i e s  a re  
lu 1 kHz and 400 Hz r e s p e c t i v e l y ,  
I T i m i n g  P u l s e s  t o  I n d i c a t e  Each 2 Hour 
The t i m i n g  t o n e  ( 4  Hz) p u l s e s ,  d u r a t i o n  2 s e c o n d s  i n  r e a l  
t i m e ,  s e p a r a t e d  by 2 s e c o n d s ,  are coded  f o r  r e c o r d i n g  on  t h e  F.M. t a p e  
i n  t h e  f o l l o w i n g  manner : -  















On r e p l a y  t h e  s p e e d e d - u p  p u l s e s  a r e  f e d  t o  a d i g i t a l  r e a d - o u t  
c o u n t i n g  s y s t e m  which  i n d i c a t e s  t ime a c c o r d i n g  t o  t h e  a b o v e  c o d e ,  
a t  l e a s t  i n  t h e  f i r s t  i n s t a n c e ?  t h o u g h  i t  i s  o b v i o u s l y  p o s s i b l e  t o  
p r o v i d e  a d i r e c t  " t i m e  r e a d - o u t "  f a c i l i t y  by d e c o d i n g  t h e  p u l s e s .  
The c o u n t i n g  s y s t e m  must  b e  r e - s e t  t o  z e r o  b e f o r e  t h e  n e x t  s e r i e s  of 
p u l s e s  a r r i v e s ,  t h u s  making  i t  p o s s i b l e  t o  b e g i n  p l a y i n g  a tape  a? 
a n y  p o i n t  and  t o  d e t e r m i n e  t h e  t i m e  a t  which t h e  s i g n a l  w a s  
a c t u a l l y  r e c o r d e d .  
29. 
The 4 Hz t i m i n g  p u l s e s  a r e  a l s o  r e q u i r e d  t o  i n i t i a t e  t h e  
o p e r a t i o n  of t h e  A n a l o g - t o - D i g i t a l  c o n v e r t e r ,  I f  t h e  p a r t i c u l a r  
: o ~ b i n a t i o c  cf d i g i t s  zt t h e  o i i t ~ l i t  o f  t h e  r e p l a y  c o u n t i n g  s y s t e m  
c o r r e s p o n d i n g  t o  a c e r t a i n  i n d i c a t e d  t i m e  i s  t o  b e  u s e d  t o  p r e  - 
s e t  t h e  t r i g g e r  f o r  t h e  c o n v e r t e r ,  i t  f o l l o w s  t h a t  t h e  whole 
t r a i n  o f  p u l s e s  m u s t  h a v e  passed i n t o  t h e  c o u n t e r  b y  t h i s  t i m e ,  
i . e ,  when c o d i n g  t h e  o r i g i n a l  t ape  r e c o r d i n g ,  t h e  l a s t  p u l s e  o f  t h e  
t r a i n  must  a l w a y s  b e  t h e  one c o r r e s p o n d i n g  t o  t h e  a c t u a l  i n s t a n t  
o f  t i m e  d e s i r e d ,  For e x a m p l e ,  a s  shown i n  F i g ,  4 , 1 ,  f o r  0030 two 
p u l s e s  are  r e q u i r e d .  s p a c e d  by two s e c o n d s ,  t h e  s e c o n d  p u l s e  b e p n n i n g  
a t  0030; t h e  p u l s e s  must  t h e r e f o r e  b e g i n  4 s e c o n d s  b e f o r e  0030, 
S i m i l a r l y  a t  0045 t h e  p u l s e s  m u s t  s t a r t  8 s e c o n d s  b e f o r e  0045. and at 
0100, 1 2  s e c o n d s  b e f o r e  e t c ,  
I n  o r d e r  t o  f u l f i l  t h e s e  c o n d i t i o n s  i t  1s n e c e s s a r y  t h a t  
t h e  t i m i n g  s e q u e n c e  b e  s t a r t e d  by a " c l o c k "  which g a i n s  4 s e c o n d s  
e a c h  2 h o u r  (900 s e c o n d s ) .  T h i s  can b e  a c c o m p l i s h e d  by d r i v i n g  
two d i @ t a l  r e a d - o u t  c o u n t e r s  f r o m  t h e  one s o u r c e  o f  " s e c o n d s "  
i m p u l s e s  f r o m  a c r y s t a l  c l o c k  (or p e r h a p s  from a m a i n s - o p e r a t e d  
1 r e v / s e c ,  m o t o r ,  p l u s  a cam and m i c r o s w i t c h ) .  The f i r s t  c o u n t e r  
(COUNTER 1) i s  a r r a n g e d  t o  r e s e t  a f t e r  899, t h e  s e c o n d  (COUNTER 2 )  
a f t e r  895, Each  t ime COUNTER 2 r e a d s  000 t h e  t i m i n g  s e q u e n c e  b e g i n s  
a n d  when COUNTER 1 r e a d s  0 0 2  t h e  s e q u e n c e  e n d s .  The two c l o c k s  
m u s t  r e a d  000 s i m u l t a n e o u s l y  a t  O O 1 5 *  s o  t h a t  a d a i l y  r e - s e t  c o n t r o l  
h a s  t o  b e  p r o v i d e d .  Thus  by t h e  f o l l o w i n g  m i d n i g h t ,  f o r  e x a m p l e ,  t h e  
p u l s e s  i n  a l l  (95 o f  them b e f o r e  m i d n i g h t )  and 95 s p a c e s  oi 2 s e c o n d s  
d u r a t i o n  
d s e q u e n c e  will h e g i n  380 s e c o n d s  b e f o r e  m i d n i g h t ,  t h e r e  b e i n g  96 
Assuming t h a t  t h e  r e p l a y  c o u n t i n g  d e v i c e  r e s p o n d s  v e r y  r a p i d l y  
t o  t h e  l e a d i n g  e d g e s  o f  t h e  i n c o m i n g  p u l s e s -  t h e  A n a l o g - t o  - D i g i t a l  
c o n v e r t e r  w i l l  b e  t r i g g e r e d  v e r y  n e a r l y  a t  t h e  e x a c t  i n s t a n t ,  o f  t h e  
t i m e  r e q u i r e d .  
Method -- of  R e c o r d i n g  T i m i n g  P u l s e s  
A b l o c k  d i a g r a m  o f  t h e  g e n e r a t i o n  a n d  r e c o r d i n g  s y s t e m  f o r  
t h e  t i m i n g  p u l s e s  i s  g i v e n  i n  F i g .  4 . 2 ,  
The " s e c o n d s t t  o u t p u t  f rom a c r y s t a l  c l o c k  f e e d s  a 1 Hz 
s q u a r e  wave c o n t i n u o u s l y  t o  COUNTER 1 ,  and t h r o u g h  t h e  COUNTER 2 
INPUT GATE TO COUNTER 2 .  THE T I M I N G  PULSE SEQUENCE GATE i s  op- 
e r a t e d  b y  t h e  a p p r o p r i a t e  commands f r o m  t h e  two c o u n t e r s ,  a p p l i e d  
t h r o u g h  AND g a t e s .  A s  i n d i c a t e d  in t h e  d i a g r a m ,  t h e  t i m i n g  
p u l s e  v a r i e s  i n  l e n g t h  f r o m  2 s e c o n d s  ( a t  0015) t o  3 8 2  s e c o n d s  
( a t  m i d n i g h t ) .  The 1 Hz i n p u t  i s  d i v i d e d  by 4 t o  g i v e  a 0 . 2 5  Hz 
s q u a r e  wave which  c o n l r o l s  t h e  4 Hz s q u a r e  w a v e s ,  e a c h  2 s e c o n d s  l o n g ;  
t h e  4 Hz s q u a r e  wave i s  d e r i v e d  f r o m  t h e  c r y s t a l  clock and i s  
t h e r e f o r e  p h a s e - l o c k e d  t o  t h e  1 Hz i n p u t  s i g n a l ,  
On c o m b i n i n g  t h e  o u t p u t s  of  t h e  T I M I N G  PULSE SEQUENCE 
GATE and  t h e  4 Hz PULSE GATE i n  t h e  4 Hz PULSE SEQUENCE GATE, a 
s u c c e s s t o i i  si’ Fi-ofi X G  96 caii-icL-fLe’queilLy pulses o r  c s e c o n d s  
d u r a t i o n ,  s p a c e d  by 2 s e c o n d s .  is o b t a i n e d .  A f t e r  f i l t e r i n g ,  t h i s  
s e r i e s  o f  p u l s e s  i s  r e c o r d e d  on  t h e  w o w - c o r r e c t i o n  t r a c k  o f  t h e  
m a g n e t i c  t a p e  by a d i r e c t  r e c o r d i n g  p r o c e s s  i n  which t h e  10 H z  
wow r e f e r e n c e  s i g n a l  i s  u s e d  as b i a s  f o r  t h e  4 Hz s i g n a l s .  
(Wi th  M a r r i o t t  t a p e  h e a d s  u s e d ,  optimum r e p l a y  o c c u r s  w i t h  4 mA 
o f  1 0  Hz and a b o u t  0,5 m A  o f  4 Hz.  f e d  t h r o u g h  s u i t a b l e  i s o l a t i n g  
r e s i s t a n c e s )  
To a v o i d  f i l t e r i n g  c o m p l i c a t i o n s  on  r e p l a y  of t h e  compound 
s i g n a l  i t  i s  d e s i r a b l e  t o  h a v e  as l i t t l e  s i d e - b a n d  c o n t e n t  as  
p o s s i b l e  i n  t h e  r e c o r d e d  t i m i n g  p u l s e s ,  b u t  a t  t h e  same t i m e  t h i s  
must  b e  c o n s i s t e n t  w i t h  t h e  r e q u i r e m e n t  o f  a f a s t  r i s e  t i m e  in t h e  
r e p r o d u c e d  p u l s e s  i n  o r d e r  t o  p r e s e r v e  t i m i n g  a c c u r a c y ,  Now a 
s e r i e s  of  c a r r i e r - f r e q u e n c y  p u l s e s  of d u r a t i o n  T and r e p e t i t i o n  
1 
r a t e  f ( =  r ) h a s  F o u r i e r  Components g i v e n  by t h e  s e r i e s ,  r r 
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Where E i s  t h e  a m p l i t u d e  and  f t h e  f r e q u e n c y  of t h e  c a r r i e r ,  
assumed t o  be s i n u s o i d a l  i n  form.  
In t h e  p r e s e n t  c a s e  we h a v e  
T = 2 s e c o n d s  
T = 4 s e c o n d s  r 
f = 4 H z  
f = 0.25 HZ r 




T s i n  -- , where n i s  e v e n ,  mus t  v a n i s h ,  I t  f o l l o w s  t h a t  t h e  f i r s t  
few s i d e - b a n d s  which have  n o n - z e r o  a m p l i t u d e s  a r e  a s  f o l l o w s : -  
S i d e - b a n d  f r e q u e n c y  - Ampl i tude  r e l a t i v e  t o  4 Hz c a r r i e r  
4 .25  Hz, 3275 Hz 
4,75 Hz? 3.25 Hz 
5 . 2 5  Hz, 2,75 Hz 





It  i s  t h e r e f o r e  p o s s i b l e  t o  p a s s  t h e  c a r r i e r - f r e q u e n c y  p u l s e s  
t h r o u g h  a b a n d p a s s  f i l t e r  ‘to e l i m i n a t e  a l l  f r e q u e n c i e s  a b o v e ,  
s a y ,  6 Hz and y e t  p r e s e r v e  q u i t e  good t i m i n g  a c c u r a c y .  
The o t h e r  u n i t s  shown i n  F i g ,  4 , 2  p r o v i d e  f o r  t h e  r e -  
s e t t i n g  o f  t h e  c o u n t i n g  s y s t e m  t o  z e r o  a t  0015 e a c h  day .  A t  t h e  
i n s t a n t  of  m i d n i g h t ,  COUNTER 1 r e a d s  000 w h i l s t  COUNTER 2 r e a d s  
380, T h i s  p a r t i c u l a r  c o m b i n a t i o n  of d i g i t s  ( i n  b i n a r y  f o r m )  
o p e r a t e s  a n  AND g a t e  which t r i g g e r s  t h e  BISTABLE SWITCH, t h e r e b y  
c l o s i n g  t h e  COUNTER GATE t h r o u g h  which t h e  1 Hz p u l s e s  a r e  f e d  t o  
COUNTER 2 ;  a c t u a l l y  a s m a l l  DELAY i s  i n t e r p o s e d  b e t w e e n  t h e  
BISTABLE SWITCH and COUNTER 2 ,  With t h e  g a t e  o p e n ,  COUNTER 2 
t h e n  r e m a i n s  a t  380 u n t i l  COUNTER 1 n e x t  r e a d s  000 i . e .  a t  t h e  
i n s t a n t  o f  0015. A t  t h i s  i n s t a n t  t h e  AND g a t e  o p e r a t e s  a g a i n  and  
h e n c e  t r i g g e r s  t h e  BISTABLE SWITCH, t h e r e b y  r e s e t t i n g  COUNTER 2 
t o  000, A f t e r  a small d e l a y  t h e  COUNTER GATE i s  o p e n e d ,  s o  
t h a t  t h e  s u c c e e d i n g  1 Hz i m p u l s e s  pass i n t o  COUNTER 2 .  
I '  
. 
R e c o v e r y  o f  T iming  P u l s e s  --- f rom t h e  Magnet ic  Tape  
On r e p l a y  a t  17,gr/sec- t h e  wow r e f e r e n c e  s i g n a l  becomes a nomina l  
1,000 H z  and t h e  c a r r i e r  f r e q u e n c y  o f  t h e  t i m i n g  p u l s e s ,  400 Hz, The 
mixed s i g n a l  i s  a m p l i f i e d  and t h e  t w o  componen t s  s e p a r a t e d  by p a s s i n g  
t h r o u g h  r e j e c t i o n  f i l t e r s  as  shown i n  F i g .  4 .3 .  The 400 Hz p u l s e s  a r e  
t h e n  a m p l i f i e d ,  d e t e c t e d  and r e - s h a p e d  i n  t h e  PULSE SHAPING UNIT, t h e  
o u t p u t  o f  which i s  t h e n  s u i t a b l e  f o r  d r i v i n g  t h e  MONOSTABLE PULSE 
GENERATOR, The c o n s t a n t  a m p l i t u d e ,  c o n s t a n t  l e n g t h  o u t p u t  of  t h i s  mono- 
s t a b l e  g e n e r a t o r  p r o v i d e s  t h e  i n p u t  t o  t h e  TIME I N D I C A T O R  COUNTER, 
which m u s t  be  r e s e t  b e f o r e  t h e  n e x t  t r a i n  of  p u l s e s  b e g i n s .  The l o n g e s t  
t r a i n  o f  p u l s e s ,  96 i n  a l l ,  o c c u r s  a t  m i d n i g h t ;  a f t e r  s p e e d - u p  by a 
f a c t o r  o f  100, t h e s e  occupy  3.82 s e c o n d s ,  b e g i n n i n g  3,80 s e c o n d s  b e f o r e  
t h e  i n s t a n t  r e p r e s e n t i n g  m i d n i g h t ,  Thus t h e  r e s e t  p u l s e  must n o t  o c c u r  
l a t e r  t h a n  a b o u t  5 s e c o n d s  a f t e l -  t h e  l a s t  p u l s e  i n  t h e  t r a i n  h a s  
r e g i s t e r e d  i n  t h e  c o u n t e r .  
The l e a d i n g  edge  of t h e  f i r s t  p u l s e  i n  t h e  t i m i n g  s e q u e n c e  
t r i g g e r s  t h e  RESET MONOSTABLE which t h e n  r e m a i n s  on f o r  an i n t e r v a l  o f  
8 s e c o n d s ,  a t  t h e  end of  which t h e  RESET PULSE GENERATOR o p e r a t e s ,  t h u s  
r e s e t t i n g  t h e  TIME I N D I C A T O R  COUNTER t o  z e r o ,  It  f o l l o w s  t h a t  when t h e  
i n d i c a t e d  t i m e  i s  0015 t h e  TIME INDICATOR COUNTER h o l d s  t h i s  s e t t i n g  
for a b o u t  8 s e c o n d s  w h e r e a s  a t  t h e  o t h e r  e x t r e m e .  a t  m i d n i g h t ,  t h e  c o u n t  
i s  h e l d  f o r  o n l y  a b o u t  4 s e c o n d s ,  
The A n a l o g - t o - D i g t t a l  c o n v e r t e r  may b e  programmed t o  b e g i n  
o p e r a t i o n  a t  any  p r e - s e l e c t e d  t ime  by f e e d i n g  t h e  a p p r o p r i a t e  o u t p u t s  
f rom t h e  c o u n t e r  t h r o u g h  a n  AND g a t e  as a command t o  t h e  c o n v e r t e r ,  
3 3 .  




F i g .  4 . 1 .  TIMING PULSE TRAIN AT 0 0 3 0  
1 














L . - - . PULSE GATE 
F i g .  4 . 2 .  GENERATION OF TIMING PULSES.  
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Fig. 4.3.  RECOVERY OF TIMING PULSES FROM MAGNETIC TAPE.  
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COMPUTER PROGRAMS FOR DATA HANDLING 
A 
I . M .  B r a z i e r  a n d  J,S. M a i n s t o n e  
I n p u t  
F i v e - h o l e  d a t a  t a p e  c o n t a i n i n g  m i c r o p u l s a t i o n  s i g n a l s  i n  
d i g i t a l  f o r m  i s  p r o d u c e d  b y  t h e  method o u t l i n e d  i n  11.2 o f  t h i s  
r e p o r t .  The d a t a  t a p e ,  c o n t a i n i n g  b o t h  b i n a r y  i n f o r m a t i o n  and  
c o d e d  i n f o r m a t i o n .  i s  r e a d  i n t o  t h e  U n i v e r s i t y ' s  GE 225 c o m p u t e r  
as  n o r m a l  f i v e  c h a n n e l  t a p e  u s i n g  a GAP p r o g r a m ,  The c h a r a c t e r s  
a r e  f i r s t  t e s t e d  t o  b e  n o n - z e r o  s o  t h a t  t h e  t a p e  l e a d e r  o f  z e r o s  
c a n  b e  i g n o r e d ,  Once a n o n - z e r o  c h a r a c t e r  h a s  b e e n  r e c e i v e d  a l l  
c h a r a c t e r s  a r e  r e t a i n e d ,  as s u b s e q u e n t  z e r o s  a r e  s i g n i f i c a n t  
The c h a r a c t e r s  a r e  n e x t  t e s t e d  f o r  b e i n g  odd OT e v e n .  I f  e v e n ,  
t h i s  i n d i c a t e s  no h o l e  i n  p o s i t i o n  1 and t h u s  a n  i n f o r m a t i o n  c h a r a c t e r ,  
w h i l s t  i f  o d d .  a s p e c i a l  symbol  which 1s f u r t h e r  i n t e r p r e t e d  b y  t h e  
c o m p u t e r  program.  The b a s i c  s t e p s  i n  t h e  GAP program a r e  as f o l l o w s .  
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8 b i t  b i n a r y  
i n f  ormati .on,  
0 
f u r t h e r  p r o g -  
gram s t e p s ,  
A 
I n t  e r p r e t a t  i v e  
P r o c e d u r e s  - 
0 
0 
I n  i t s  p r e s e n t  form t h e  r e a d - i n  r o u t i n e  h a s  b e e n  u s e d  t o  
r e f o r m a t  t h e  d a t a  and punch o n  c a r d s  t h e  d e c i m a l  e q u i v a l e n t s  of 
t h e  8 b i t  b i n a r y  i n f o r m a t i o n .  These  c a r d s  a r e  t h e n  a v a i l a b l e  
f o r  f e e d i n g  i n  a s  d a t a  f o r  c o m p u t a t i o n a l  p r o g r a m s .  
C o r r e l a t i o n  Pro m- a m  
F o r  c o m p a r i s o n  o f  t h e  v a r i o u s  c o m p o n e n t s  o f  m i c r o -  
p u l s a t i o n s  a t  one s i t e  w i t h  one a n o t h e r ,  or o f  s i g n a l s  f rom 
s p a c e d  s t a t i o n s .  or i n d e e d  for c o m p a r i s o n  o f  a n y  r e l e v a n t  
g e o p h y s i c a l  p a r a m e t e r  w i t h  t h e  m i c r o p u l s a t i o n  d a t a ,  a c o m p u t e r  
p r o g r a m  w r i t t e n  i n  G A P  i s  a v a i l a b l e .  The b a s i c  program w i l l  a c c e p t  
u p  t o  500 v a l u e s ,  on punched  c a r d s ,  o f  e a c h  o f  t h r e e  v a r i a b l e s  
A ,  B a n d  C ( i n  f l o a t i n g  p o i n t ) ,  compute t h e  a p p r o p r i a t e  mean a n d  
s t a n d a r d  d e v i a t i o n  of e a c h  as  w e l l  as  t h e  a u t o - c o r r e l a t i o n  f rom 
z e r o  d e l a y  u p  t o  a s p e c i f i e d  number of t ime-lags.  The c r o s s -  
c o r r e l a t i o n  f o r  A B ,  AC and  BC a r e  c a l c u l a t e d ,  a g a i n  f r o m  z e r o  
d e l a y  t o  some s p e c i f i e d  number o f  t ime s h i f t s ,  p o s i t i v e  as  w e l l  
as n e g a t i v e .  
An a l t e r n a t i v e  form of t h i s  c o r r e l a t i o n  p r o g r a m  a c c e p t s  
up  t o  750 v a l u e s  o f  e a c h  of  two v a r i a b l e s  A a n d  B ,  p r o d u c i n g  t h e  
r e l e v a n t  a u t o -  and c r o s s - c o r r e l a t i o n s .  
. 
. 
Fewer S - o e c t r a  Program 
Having  o b t a i n e d  s a m p l e s  o f  m i c r o p u l s a t i o n  s i g n a l s  i t  i s  
c o n v e n i e n t  t o  a n a l y s e  them i n  terms of power s p e c t r a ,  on  t h e  
a s s u m p t i o n  t h a t  e a c h  sample  r e p r e s e n t s  a s t a t i o n a r y  t i m e  s e r i e s ,  T h i s  
a s s u m p t i o n  a p p e a r s  t o  be g e n e r a l l y  j u s t i f i e d  f o r  t h e  l o w e r  f r e q u e n c y  
p u l s a t i o n s  i n  t h e  Pc3 p o r t i o n  of t h e  s p e c t r u m  but n o t  for Pe l  or o t h e r  
p u l s a t i o n s  which e x h i b i t  marked c h a n g e s  i n  f r e q u e n c y  i n  a t i m e  which i s  
s h o r t  compared w i t h  a t y p i c a l  s ample  l e n g t h  ( s e e  S e c t i o n  I11 ( v i i i )  o f  
t h e  Second Semi-Annual  R e p o r t  o n  t h i s  NASA G r a n t ) .  
F o r  a f i n i t e  l e n g t h  of r e c o r d  which  1s sampled  a t  e q u a l  
i n t e r v a l s  of  t i m e  t h e  ( a p p a r e n t )  a u t o - c o v a r i a n c e  f u n c t i o n  c a n  be  
computed u s i n g  s t a n d a r d  t e c h n i q u e s ,  The power s p e c t r u m  1s t h e  F o u r i e r  
T r a n s f o r m  o f  t h e  a u t o - c o v a r i a n c e  f u n c t i o n  for s a m p l e s  c o n t a i n i n g  up t o  
I95OO d a t a  v a l u e s  on punched c a r d s ,  Use i s  t h e n  made of t h e  h a n n i n g  l a g  
window t o  compute t h e  c o s i n e  t r a n s f o r m  and  t o  o u t p u t  t h e  power s p e c t r u m ,  
n o r  m a l i  z e d  t o  u n i t  s t a n d a r  d de  v i  a t  i on.  
C o h e r e n c y  and  - Power S p e c t r a  F o r t r a n  I V  Program -
When compar ing  two s e t s  o f  ( p r e s u m a b l y )  r e l a t e d  d a t a  e , g ,  two 
componen t s  o f  t h e  m i c r o p u l s a t i o n  d i s t u r b a n c e  a t  a g i v e n  s i t e ,  t h e  f i r s t  
s t e p  i n  t h e  a n a l y s i s  i s  g e n e r a l l y  t o  c a l c u l a t e  t h e  c r o s s - c o r r e l a t i o n  
be tween  t h e  s a m p l e s .  The c o h e r e n c y  may be found  f rom t h i s  by  t a k i n g  b o t h  
t h e  c o s i n e  and s i n e  t r ans fo l -m ( t h e  complex q u a n t i t y  made up  o f  t h e s e  i n -  
p h a s e  and q u a d r a t u r e  components  1s t h e  c r o s s - p o w e r  s p e c t r u m )  and  t h e n  
c o m p u t i n g  c r o s s - p o w e r  s p e c t r u m  I g e o m e t r i c  mean of  t h e  au to -power  
s p e c t r a ,  A program i n  F o r t r a n  I V  t o  p e r f o r m  s u c h  c a l c u l a t i o n s  i s  
a v a i l a b l e  b u t  a5 y e t  t h e  Queens land  U n i v e r s i t y  GE225 c a n n o t  h a n d l e  t h i s  
p rogram.  A m o d i f i e d  form of  program i n  F o r t r a n  I11 i s  i n  p r e p a r a t i o n ,  
- Acknowledgments  
M r .  M.J. Burke o f  t h e  s t a f f  of t h e  P h y s i c s  Depar tmen t  o f  t h e  
U r i i v e r s i t y  of  Queens land  w a s  r e s p o n s i b l e  f o r  t h e  i n i t i a t i o n  of  t h e  GAP 
p r o g r a m s  f o r  c o r r e l a t i o n s  and power s p e c t r a ,  
M r .  B i l l  Cook o f  t h e  B o e i n g  S c i e n t i f i c  R e s e a r c h  L a b o p a t o r i e s  
S e a t t l e ,  U ,S ,A .  w r o t e  t h e  F o r t r a n  I V  program f o r  c a l c u l a t i o n  of c o h e r e n c y .  
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A SURVEY OF THE OBSERVATIONAL AND THEORETICAL ASPECTS 
I___;- -- - 
OF H I G H  FREQUENCY MICROPULSATIONS - q__. 
J a S MAINSTONE * 
I N T R O D U C T I O N  y_
I n  t h i s  r e v i e w  p a p e r  I s h a l l  b e  d e a l i n g  w i t h  m L c r o p u l s a t i o n s  
which f i t  r o u g h l y  i n t o  t h e  P c l  and Pi1 g r o u p i n g s  a c c o r d i n g  t o  t h e  1963 
I A G A  c l a s s i f i c a t i o n ,  P c l  p u l s a t i o n s  c o v e r  t h e  r a n g e  from 200 
m i l l i c y c l e s  p e r  s e c o n d  (mc/s>  t o  5 c y c l e s  p e r  s e c o n d  i , e .  p e r i o d s  
f r o m  5 s e c o n d s  t o  O e 2  s e c o n d s ,  w h i l s t  t h e  Pi1 c l a s s i i i c a t i o n  e x t e n d s  
f r o m  25 mc/s t o  1 c / s .  The u p p e r  p o r t l o n  o f  t h e  P i 1  band  i s  o f  i n t e r e s t  
b e c a u s e  i t  c o n t a i n s  t h e  m i c r o s t r u c t u r e  a s s o c i a t e d  w i t h  many of t h e  
c h a r a c t e r i s t i c  n i g h t - t i m e  p u l s a t i o n  b u r s t s ,  P i 2 ,  f o r m e r l y  known as  P t  s .  
Under t h e  h e a d i n g  o f  P c l  t h e r e  a p p e a r  t o  be  two d i s t i n c t  
phenomena v i z .  " p e a r l s "  (also c a l l e d  h.m, e m i s s i o n s ,  m i c r o p u l s a t i o n  
w h i s t l e r s  e t c .  ) and q u a s i - c o n t i n u o u s  n o i s e - b a n d  e m i s s i o n s ;  t h e  l a t t e r  
h a v e  o n l y  r e c e n t l y  r e c e i v e d  a t t e n t i o n ,  
Pc 1 MICROPULSATIONS 
o_
1 ' P e a r l - T y p e ' - P u l s a t i o n s  - 
. 
S u c k s d o r f f  (1936) c o i n e d  t h e  name " P e a r l  N e c k l a c e "  t o  d e s c r i b e  
t h e  c h a r a c t e r i s t i c  a p p e a r a n c e  o n  c h a r t  r e c o r d s  o f  p u l s a t i o n s  which he h a d  
o b s e r v e d  i n  t h e  a u r o r a l  r e g f o n .  The o c c u r r e n c e  of  t h e s e  p u l s a t i o n s  
showed a maximum i n  t h e  d a y - t i m e .  Dubrovsky (1959) a t  t h e  I A G A  
m e e t i n g s  a t  U t r e c h t  m e n t i o n e d  llPPrr ( P u l s a t i n g  P e a r l s )  h a v i n g  g r e a t e s t  
f r e q u e n c y  o f  o c c u r r e n c e  a t  n i g h t ,  w i t h  t h e  maximum a b o u t  m i d n i g h t ,  l o c a l  
t i m e ,  D u b r o v s k y ' s  r e s u l t s  r e f e r r e d  t o  a s t a t i o n  a t  Ashkhabad ,  g e o m a g n e t i c  
l a t i t u d e  3 0 ° N ,  T r o i t s k a y a  (1959) a t  t h e  same I A G A  m e e t i n g  r e f e r r e d  t o  
" P e a r l s l l ,  and m e n t i o n e d  t h a t  t h e  d i u r n a l  d i s t r i b u t i o n  o f  p e a r l s  I n  t h e  
p o l a r  r e g i o n s  showed s e v e r a l  m a x i m a .  She p o i n t e d  o u t  t h a t  t h e r e  was a 
d i f f e r e n c e  be tween t h e  p e a r l s  o b s e r v e d  d u r i n g  magne t i c a l l y  q u i e t  t i m e s  
a n d  t h o s e  f o u n d  d u r i n g  t h e  c o u r s e  o f  s t o r m s  - t h e s e  l a t t e r  were g i v e n  t h e  
name IPDP ( I n t e r v a l s  o f  P u l s a t i o n s  of D i m i n i s h i n g  P e r i o d ) .  T y p i c a l l y  t h e  
p e r i o d  of IPDP w a s  f o u n d  t o  c h a n g e  from 10 s e c o n d s  down t o  1 s e c o n d ;  
a l l  g r e a t  s t o r m s  d u r i n g  t h e  I . G . Y .  c o n t a i n e d  IPDP, A s imi la r  phenomenon, 
g i v e n  t h e  name " s o l a r  w h i s t l e " ,  w a s  r e p o r t e d  by D u f f u s  e t  a1 (19581, 
~ ~~ 
* P r e s e n t e d  b y  i n v i t a t i o n  a t  t h e  Radio R e s e a r c h  B o a r d  Symposium on 
G e o m a g n e t i c  f i c r o p u l s a t i o n s .  H o b a r t ,  T a s m a n i a ,  Augus t  7965 
59 e 
B e n i o f f  (1960) d e f i n e d  a c l a s s  of  m i c r o p u l s a t i o n s  w i t h  p e r i o d s  
003 - 2'5 s e c o n d s  as "Type A" o s c i l l a t i o n s ,  t h u s  i n c l u d i n g  most of  t h e  
pel r z ~ r e ~  F o r  h i s  Type A O c c i l l q t i n n S  h e  f ~ i : i d  a t  t i m e s .  d m o s t  
p e r f e c t  c o r r e l a t i o n  over a d i s t a n c e  of 290 km, a n d  f a i r l y  f r e q u e n t l y .  
common a c t i v i t y  f o r  s t a t i o n s  t h o u s a n d s  of  k i l o m e t r e s  a p a r t .  B e n i o f f  ' 5  
o b s e r v a t i o n s  were  made c h ~ e f l y  i n  C a l i f o r n i a ,  and f o r  t h i s  r e g i o n  h e  
found t h e  o c c u r r e n c e  o f  Type A o s c i l l a t i o n s  t o  b e  e s s e n t i a l l y  n o c t u r n a l ?  
r i s i n g  r a p i d l y  a f t e r  s u n s e t  and f a l l i n g  r a p i d l y  a f t e r  s u n r i s e ,  The 
maximum o c c u r r e d  j u s t  b e f o r e  s u n r i s e ;  t h i s  was f o u n d  t o  b e  q u i t e  d i f f i - r e n t  
f rom t h e  s i t u a t i o n  i n  Sweden, where Type A w a s  p r e s e n t  t h r o u g h o u t  t h e  
whole  24-hour  p e r i o d ,  w i t h  a maximum between 0700 and 1000 L , T  A s  t h e  
o c c u r r e n c e  showed a r o u g h  i n v e r s e  r e l a t i o n  t o  s u n s p o t  number a n d  a s  t h e r e  
w a s  a t e n d e n c y  f o r  a g r e a t e r  i n c i d e n c e  of Type A when f o F 2  w a s  a 
minimum, B e n i o f f  s u g g e s t e d  t h a t  t h e  i o n o s p h e r e  was i n  g e n e r a l  o p a q u e  f o r  
t h e s e  f r  e q u e n r i i e s ,  
0 
T r o i t s k a y a  ('1961) p r o p o s e d  t h a t  b o t h  PP a n d  S . I . P .  (Rapid  
I r r e g u l a r  P u l s a t i o n s ,  now c l a s s  P i 1 )  were  c a u s e d  by i n j e c t i o n  o f  c l o u d s  
o f  c h a r g e d  p a r t i c l e s  i n t o  t h e  h i g h  a t m o s p h e r e ;  o n l y  when t h e  m a g n e t i c  
f i e l d  w a s  q u i e t  and  t h e  c l o u d  n o t  v e r y  d e n s e  were  PP e x c i t e d .  E v i d e n c e  
w a s  a l s o  c i t e d  o f  IPDP o b s e r v e d  a t  t h e  e a r t h ' s  s u r f a c e  when S p u t n i k  11 
r e p o r t e d  v e r y  s h a r p  f l u c t u a t i o n s  i n  t h e  i n t e n s i t y  o f  t h e  o u t e r  Van Allen 
b e l t ,  
T e p l e y  (1961) i n t r o d u c e d  t h P  term "hm e m i s s i o n " ,  and  a l s o  t h e  
sub d i  v i s i  o n s  na r r o w- l i n e  e m 1  s si o n sl l  and 
number o f  d i s t i n c  i hm e m i s s i o n s  c o u l d  o c c u r  s i I L d l t a n e o u s l y ;  n a r r o w -  
l i n e  may e x i s t  f o r  h o u r s ,  b r o a d - l i n e  f o r  5 - 30 m i n u t e s .  C l o s e  
c o r r e l a t i o n  w a s  found b e t w e e n  t h e  o c c u r r e n c e  of hm e m i s s i o n s  a n d  PCA 
d u r i n g  m a g n e t i c a l l y  q u i e t  p e r i o d s ,  S i n c e  PCA w a s  a t t r i b u t e d  t o  s o l a r  
p r o t o n  streams, he s u g g e s t e d  t h a t  hi e m i s s i o n s  were  g e n e r a t e d  b y  t h e  
i n t e r a c t i o n  of s o l a r  p r o t o n  streams w i t h  t h e  g e o m a g n e t i c  f i e l d :  t h e  
n e c e s s a r y  i n t e r a c t i o n  t a k i n g  p l a c e  o n l y  d u r i n g  m a g n e t i c a l l y  q u i e t  
c o n d i t i o n s ,  An a t t e m p t  w a s  made t o  e x p l a i n  hm e m i s s i o n s  a l o n g  t h e  same 
l i n e s  as  VLF e m i s s i o n s  - t r a v e l l i n g  wave a m p l i f i c a t i o n  p r o d u c e d  by 
e l e c t r o n  streams moving a l o n g  a g e o m a g n e t i c  f i e l d  l i n e  and t r a n s f e r r i n g  
e n e r g y  t o  a n  e l e c t r o m a g n e t i c  wave ( G a l l e t  and  H e l l l w e l l ,  1959). N O W  
t h e  f r e q u e n c y  r a t i o  VLF (5 K c / s ) :  hm e m i s s i o n  (0 .5  - 5 c / s )  A t h e  mass 
r a t i o  m : m  i c e ,  Tepley  a r g u e d  t h a t  t h e  p r o t o n  s t r e a m  
e n e r g y  may b e  i m p a r t e d  t o  a n  e l e c t r o m a g n e t i c  w a v e  w h i c h  would p r o p a g a t e  
h y d r o m a g n e t i c a l l y  downwards.  F u r t h e r  t o  t h i s ,  p r o  t o n  s t r e a m s  i n  
r e g i o n s  of  g r e a t e r  g e o m a g n e t i c  f i e l d  s t r e n g t h  would g e n e r a t e  hm 
e m i s s i o n s  a t  h i g h e r  f r e q u e n c i e s .  He c o n s i d e r e d  P a r k e r  's (1958) model  of  
a p l a s m a  s t r e a m  i n f r i n ~ n g  on  a t h i n  m a g n e t i c  b o u n d a r y  s h e a t h ,  s e t t i n g  
u p  a g r o w i n g  wave. Very r o u g h l y  t h e  p r o t o n  c y c l o t r o n  i r e q u e n c y  s h o u l d  
be- ,  w a v e  f r e q u e n c y  of t h e  hm e m i s s i o n .  Now 0.5 - 5 c / s  c o r r e s p o n d s  t o  
t h e  p r o t o n  c y c l o t r o n  f r e q u e n c y  r a n g e  f o r  m a g n e t i c  f i e l d  s t r e n g t h s  33 - 
330y e For  a d i p o l e  f i e l d  t h i s  would g i v e  d i s t a n c e s o f  5 - 11 e a r t h  
r a d i i  for t h e  m a g n e t i c  b o u n d a r y  s h e a t h  
b r  o ad-  l i n e  emi s s i  o n s e A . 
p r o t o n  e l e c t r o n  
Bomke ( 7 9 6 2 )  worked w i t h  t h e  combined r e s u l t s  o f  g round l o o p  
( v e r t i c a l  c o m p o n e n t )  m a g n e t i c  m e a s u r e m e n t s ,  and  e l e c t r i c  f i e l d  
m e a s u r e m e n t s  made by J u n g m e i s t e r  (1959.  1960)  t o  come to t h e  
c o n c l u s i o n  t h a t  - 2 or 3 x 10 , i n d i c a t i n g  t h a t  t h e  s e c o n d a r y  s o u r c e s  
o f  1 c / s  m i c r o p u l s a t i o n s  a r e  of t h e  e l e c t r i c  d i p o l e  t y p e  p r o d u c e d  b y  
e l e c t r i c  s p a c e - c h a r g e  p u l s a t i o n s  i n  t h e  l o w e r  i o n o s p h e r e .  The h e i g h t  
c a l c u l a t e d  by Bomke w a s  @IO0 k m  i , e .  t h e  same a s  f o r  f l a m i n g  a u r o r a e  
which  were  o f t e n  s e e n  t o  c o i n c i d e  w i t h  1 c / s  m i c r o p u l s a t i o n s  which  h e  
d e t e c t e d  i n  Maine.  H e  f u r t h e r  c o n c l u d e d  t h a t  t h e  s e c o n d a r y  s o u r c e s  
were o f t e n  o n l y  400 - 500 m i n  d i a m e t e r ,  
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J a c o b s  a n d  J o l l e y  ( 1 9 6 2 )  p r o d u c e d  e v i d e n c e  to s u g g e s t  t h a t  
p e a r l s  d e t e c t e d  i n  m i d - l a t i t u d e s  were o b s e r v e d  p r o g r e s s i v e l y  e a r l i e r  
a t  e a s t e r n  s t a t i o n s ,  t h e  o n s e t  of p u l s a t i o n  a c t i v i t y  moving  wes tward  
a t  1 5 O / H R r  T h i s  l e d  t o  t h e  c o n c l u s i o n  t h a t  e i t h e r  (i) t h e  o n s e t  of 
p e a r l s  d e p e n d s  e n t i r e l y  on  l o c a l  t i m e  o r  (ii) t h e r e  is a n  a z i m u t h a l  
d r i f t  o f  c h a r g e d  p a r t i c l e s  t r a p p e d  i n  t h e  g e o m a g n e t i c  f i e l d  I f  p e a r l s  
a r e  d u e  t o  t h e  d r i f t  o f  p r o t o n s  one would e x p e c t  t o  o b s e r v e  them w i t h  
t h e  f r e q u e n c y  of  t h e  m i r r o r  o s c i l l a t i o n s  ( i n  f a c t .  a b o u t  50 t i m e s  too 
l a r g e ) ;  a l s o  t h e  d r i f t  r a t e  i s  wrong. 
V o z o f f ,  E l l i s  and  G a r l a n d  (1962)  c o n c l u d e d  t h a t  p e a r l s  r e s u l t  
f r o m  m i x i n g  two s i n u s o i d a l l y  v a r y i n g  m a g n e t i c  f i e l d s  d i f f e r i n g  f r o m  one 
a n o t h e r  by 0.01 t o  0 , l  c / s ,  They found t h a t  when a r e c o r d  o f  a b o u t  1 
h o u r  o f  p e a r l s  w a s  a n a l y s e d  t h e r e  w a s  a p r o n o u n c e d  t e n d e n c y  f o r  t h e  
e r i t i i - e  p a t t e r n  t o  r e p e a t  i t s e l f  a f t e r  145 s e c  or I O  ' l p e a r l s l l .  Power 
s p e c t r a  showed p e a k s  a t  0-53 and 0.67 c / s ,  e a c h  of which  s h i f t e d  s l i g h t l y  
f r o m  o n e  s u b - s a m p l e  t o  a n o t h e r ,  They c o u l d  n o t  e x p l a i n  t h e  145 s e c  
r e c u r r e n c e  p a t t e r n  b u t  t r i e d  t o  e x p l a i n  t h e  power s p e c t r u m  p e a k s  a t  O,53 
and 0 , 6 7  c / s  i n  terms o f  M a c D o n a l d t s  ( 1 9 6 1 )  Mode m o d e l ,  
The n e x t  s t e p  came w i t h  t h e  d i s c o v e r y  b y  T e p l e y  a n d  Wentworth 
( 1 9 6 2 ) ,  G e n d r i n  and  S t e f a n t  ( 1 9 6 2 ) ,  and M a i n s t o n e  and McNicol ( 1 9 6 2 1 ,  
i n d e p e n d e n t l y  and  a l m o s t  s i m u l t a n e o u s l y ,  of t h e  s p e c t r a l  f i n e - s t r u c t u r e  
o f  p e a r l s  v i z ,  a s e r i e s  of  r e p e t i t i v e  w a v e - t r a i n s  of  r a p i d l y  i n c r e a s i n g  
f r e q u e n c y .  
M a i n s t o n e  and  McNicol p o i n t e d  o u t  t h a t  p e a r l s  w i t h  mid-band 
f r e q u e n c i e s  a r o u n d  0,5 c / s  o n  t h e  B r i s b a n e  r e c o r d s  h a d  a s p a c i n g  be tween 
s u c c e s s i v e  upward f r e q u e n c y  s w e e p s  of  a b o u t  160 - 170 s e c o n d s  w h e r e a s  
t h o s e  1 c / s  a p p e a r e d  t o  h a v e  a s m a l l e r  sweep s p a c i n g ,  a r o u n d  100 
s e c o n d s .  They a l s o  drew a t t e n t i o n  t o  t h e  f a c t  t h a t  t h e  145 s e c o n d  
r e p e t i t i o n  r a t e  f o r  p e a r l s  n o t e d  b y  V o z o f f ,  E l l i s  and  G a r l a n d  w a s  not, 
much d i f f e r e n t  f rom t h e  B r i s b a n e  f i g u r e  f o r  t h e  sweep s p a c i n g .  
G e n d r i n  and S t e f a n t  showed t ' h a t  t h e  p r o d u c t  f t ( i . e o  mid-band 121 
f r e q u e n c y  i n  c/swsweep s p a c i n g  i n  s e c o n d s )  w a s  a p p r o x i m a t e l y  c o n s t a n t  
For t h e i r  s t a t i o n s  a t  Chambon and  Tromsb t h e y  f o u n d  a mean v a l u e  of  
110, and  t h i s  w a s  a l s o  t h e  v a l u e  which c o u l d  be i n f e r r e d  f r o m  t h e  
r e s u l t s  of V o z o f f ,  E l l i s  a n d  G a r l a n d .  
Wentworth and T e p l e y  ( 1 9 6 2 )  p o s t u l a t e d  t h a t  s i n c e  X-ray b u r s t s  
and  PP o c c u r r e d  s i m u l t a n e o u s l y  a f t e r  sudden  commencements,  t h e  same 
bunch  o f  f a s t  e l e c t r o n s :  o s c i l l a t i n g  along + h e  f i e l d  l i . ~ e c . ~  m ~ c h t  h e  
r e s p o n s i b l e  f o r  b o t h  phenomena, On t h i s  model t h e  hm e m i s s i o n s  were  
a t t r i b u t e d  t o  t h e  d i a m a g n e t i s m  of a n  e l e c t r o n  b u n c h ,  t h e  e m i s s i o n  
f r e q u e n c y  b e i n g  a s s o c i a t e d  w i t h  t h e  bounce  p e r i o d  be tween m i r r o r  
p o i n t s ,  The r i s i n g  f r e q u e n c y  w a s  s a i d  t o  be c o n n e c t e d  w i t h  a c c e l e r a t i o n  
o f  t h e  e l e c t r o n s ,  b u t  t h i s  p o i n t  w a s  n o t  e l a b o r a t e d  o r  c l a r i f i e d  
Lokken,  Shand and  Wright  (1962) r e p o r t e d  t h a t  s i g n a l s  i n  t h e  
1 c / s  r a n g e  h a v e  a p p r e c i a b l y  lower  a m p l i t u d e s  i n  t h e  a u r o r a l  z o n e s  t h a n  
i n  m i d - l a t i t u d e s .  They came t o  t h i s  c o n c l u s i o n  a f t e r  s t u d y i n g  r e c o r d s  
f r o m  2 n o r t h e r n  a u r o r a l  s t a t i o n s ,  2 m i d - l a t i  t u d e  C a n a d i a n  s t a t i o n s ,  and 
a s t a t i o n  i n  t h e  A n t a r c t i c .  Heacock and  Hess le r  ( 1 9 6 2 1 ,  d i s c u s s i n g  
c h a r t  r e c o r d s  o f  p e a r l s  a t  t h e  a u r o r a l  zone  s t a t i o n  a t  C o l l e g e ,  A l a s k a .  
s t a t e d  t h a t  a n y  o f  t h e  C o l l e g e  p e a r l - t y p e  e v e n t s  c o u l d  be broken  down 
i n t o  component I ' p e a r l  n e c k l a c e s "  which add  t o  p r o d u c e  a c o m p l i c a t e d  
wave-form,  They do n o t  seem t o  h a v e  b e e n  f u l l y  a w a r e  o f  t h e  
s i g n i f i c a n c e  o f  t h e  d i s c o v e r y  of t h e  s p e c t r a l  f i n e - s t r u c t u r e  of  p e a r l s .  
Lokken.  Shand a n d  Wright  ( 1 9 6 3 )  made a s t u d y  of  t h e  e l e c t r o -  
magnet-fc b a c k g r o u n d  a r o u n d  1 -~ 2 c / s  and  c o n c l u d e d  t h a t  t h e r e  e x i s t s  a 
' w h i t e '  c o n t i n u u m  h a v i n g  a mean p e a k - t o - p e a k  l e v e l  o f 4  0-3 m y .  The 
p r e s e n c e  o f  r e g i o n a l  l i g h t n i n g  i n c r e a s e s  t h e  s i g n a l  s t r e n g t h ,  s o  t h a t  
t h e y  c o n c l u d e d  t h a t  t h e  s o u r c e  of  t h e  c o n t i n u u m  i s  w o r l d - w i d e  l i g h t n i n g .  
On t h e  c o n t i n u u m  t h e r e  a r e  Super imposed  r e g u l a r  and  i m p u l s i v e  
d i D t u r b a n c e s ;  t1ieDe c a n  e x c e e d  t h e  background by up  t o  60 a b  o r  more 
I n  d e a l i n g  w i t h  p e a r l s  t h e y  c i t e d  a n  i n s t a n c e  when t h e  b e g i n n i n g s ,  p e a k s  
and  e n d s  o f  a c t i v e  p e r i o d s  d i d  n o t  i n  a n y  way c o r r e s p o n d  a t  t h e i r  
s t a t i o n s ,  G r e a t  Whale ,  C h u r c h i l l  and  V i c t o r i a  i n  C a n a d a ,  a n d  B y r d  
S t a t i o n  i n  A n t a r c t i c a ,  The o c c u r r e n c e  w a s  f i r s t  r e c o r d e d  e x c l u s i v e l y  
i n  t h e  a u r o r a l  z o n e s  and  t h e r e  c o n t i n u e d  l o n g e r  t h a n  a t  V i c t o r i a .  
However,  when t h e  deve lopment  w a s  most s p e c t a c u l a r  , t h e  a m p l i t u d e  a t  
V i c t o r i a  w a s  much g r e a t e r  t h a n  a t  t h e  a u r o r a l  zone s t a t i o n s ,  For a 
s h o r t  t i m e  a t  t h e  h e i g h t  o f  t h i s  deve lopment  t h e  d e g r e e  o f  s i m i l a r i t y  
o f  t h e  r e c o r d s  a t  a l l  4 s t a t i o n s  w a s  r e m a r k a b l e ;  h o w e v e r ,  i t  w a s  n o t e d  
t h a t  Byrd a p p e a r e d  t o  be d i s p l a c e d  w i t h  r e s p e c t  t o  t h e  o t h e r  3 by h a l f  
t h e  t i m e  b e t w e e n  s u c c e s s i v e  b u r s t s -  
S a n t i r o c c o  and  P a r k e r  (1963) t a c k l e d  t h e  q u e s t i o n  of t h e  power 
s p e c t r u m  of  a m d e  r a n g e  of  P c - t y p e  m i c r o p u l s a t i o n s  r e c o r d e d  i n  
Bermuda, a n d  showed t h a t  o v e r  t h e  whole r a n g e  of f r e q u e n c i e s  t h e r e  w a s  
a smooth b a c k g r o u n d  c u r v e  d e c r e a s i n g  m o n o t o n i c a l l y  w i t h  a s l o p e  o f  - 6 db 
p e r  o c t a v e ,  on t o p  of  which w a s  s u p e r i m p o s e d  a mass of  v a r i a b l e  f i n e  
s t r u c t u r e .  The s i g n a l s  i n  t h e  1 c / s  r e g i o n  were IV 55 db down on  t h o s e  
a t  10 mc/s,  or .- 22 db down on 100 mc/s .  
S c h l i c h  (1963)  a n a l y s e d  c h a r t  r e c o r d s  t a k e n  a t  K e r g u e l e n ,  and i n  
F r a n c e  a n d  S o u t h  A f r i c a .  His c o n c l u s i o n  w a s  t h a t  t h e  f r e q u e n c y  o f  
o s c i l l a t i o n  d e c r e a s e s  w i t h  i n c r e a s i n g  l a t i t u d e  t h e  maximum f r e q u e n c y  
o f  o s c i l l a t i o n  for a s t a t i o n  b e i n g  d e t e r m i n e d  b y  t h e  g e o m a g n e t i c  
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l a t i t u d e .  He a l s o  f o u n d  a r e l a t i o n  s u c h  t h a t  t h e  f r e q u e n c y  i n c r e a s e d  
as t h e  i n t e n s i t y  of  t h e  main f i e l d  i n c r e a s e d .  
Y a n a g i h a r a  (1963) made u s e  of t h e  a u r o r a l  z o n e  r e s u l t s  o f  
Lokken,  Shand and  Wright  t o  show a p h a s e  s h i f t  o f  1800 b e t w e e n  e v e n t s  
o b s e r v e d  s i m u l t a n e o u s l y  i n  o p p o s i t e  h e m i s p h e r e s ,  G e n d r i n  ( 1963) 
p r o p o s e d  a f a s t  p r o t o n  bunch model  t o  e x p l a i n  p e a r l s ;  t h e  r i s i n g  
f r e q u e n c y  w a s  e x p l a i n e d  by a l a t i t u d e  s p r e a d  i n  t h e  bunch a t  t h e  t i m e  
o f  t h e  p a r t i c l e  i n j e c t l o n ,  I n  t h i s  c a s e  t h e  s t r u c t u r e  p e r i o d i c i t y  h a d  
t o  b e  a s s o c i a t e d  w i t h  l o n g i t u d i n a l  d r i f t -  A s imi l a r  e x p l a n a t i o n  w a s  
g i v e n  b y  Heacock (1963). 
J a c o b s  and  Watanabe (1963) p o s t u l a t e d  a model i n  which s l o w  
p r o t o n  b u n c h e s  bounced  back  a n d  f o r t h  a l o n g  t h e  g e o m a g n e t i c  f i e l d  
l i n e s .  A c c o r d i n g  t o  t h i s  model  t h e  s l o w  p r o t o n  bunch2.s e x c i t e  r e s o n a n t  
o s c i l l a t i o n s  i n  t h e  l o w e r  magne t o s p h e r e ,  t h e  s t r u c t u r e  p e r i o d i c i t y  
b e i n g  a s s o c i a t e d  w i t h  t h e  p r o t o n  bounce p e r i o d ,  The r i s i n g  f r e q u e n c y  
comes a b o u t  b e c a u s e  o f  a l a t i t u d e  v a r i a t i o n  o f  t h e  c h a r a c t e r i s t i c  
r e s o n a n c e  f r e q u e n c y  i n  t h e  l o w e r  m a g n e t o s p h e r e .  A l t h o u g h  t h e  s l o w  
p r o t o n  bunch h y p o t h e s i s  would a c c o u n t  f o r  t h e  1800 p h a s e  s h l f t  b e t w e e n  
h e m i s p h e r e s  q u i t e  s a t i s f a c t o r i l y ,  i t  would a l s o  p r e d i c t  t h a t  t h e  
f r e q u e n c y  s h o u l d  i n c r e a s e  w i t h  geomagnet ic  l a t i t u d e  s o m e t h i n g  w h l c h  
w a s  n o t  o b s e r v e d ,  
J a c o b s  and Watanabe (1964), f o l l o w i n g  a s u g g e s t l o n  o f  O b a y a s h i ,  
showed t h a t  t h e  s e q u e n c e  o f  r i s i n g  t o n e s  i n  p e a r l  s t r u c t u r e  c o u l d  b e  
e x p i a n e d  r e a d i l y  i n  t e r m s  o f  d i s p e r s i o n  i n  t h e  p r o p a g a t i o n  of  a 
h y d r o m a g n e t i c  wave p a c k e t  g u i d e d  a l o n g  a g e o m a g n e t i c  f i e l d  l i n e .  The 
name ? ' m i c r o p u l s a t i o n  w h i s t l e r s l ?  which w a s  c o i n e d  by Lokken,  w a s  u s e d  t o  
d e s c r i b e  t h i s  g u i d e d  wave p r o p a g a t i o n .  Whereas  V. L . F ,  whistlers 
r e p r e s e n t  p r o p a g a t i o n  a l o n g  t h e  m a g n e t i c  f i e l d  i n  one mode ( r i g h t -  
h a n d e d )  which  h a s  a c u t - o f f  n e a r  t h e  e l e c t r o n  g y r o  f r e q u e n c y  and 
p r o d u c e s  a f a l l i n g  f r e q u e n c y  c h a r a c t e r i s t i c ,  m i c r o p u l s a t i o n  w h i s t l e r s ,  
which  p r o p a g a t e  i n  t h e  o t h e r  mode, have t h e  o p p o s i t e  d i s p e r s i o n .  
T e p l e y  (1964) p r o d u c e d  e v i d e n c e  t h a t  hm e m i s s i o n s  can o c c u r  
s i m u l t a n e o u s l y  a t  w i d e l y - s p a c e d  s t a t i o n s  w i t h  t h e  same p e r i o d  a n d  
r e g u l a r  r e p e t i t i o n ,  b u t  t h a t  t h e  s i g n a l  a m p l i t u d e  d e c r e a s e s  w i t h  
d e c r e a s i n g  l a t i  t u d e  ( t h e  d i s c r e p a n c y  be tween  t h i s  , r e s u l t  a n d  t h e  
e a r l i e r  r e s u l t  of Lokken,  Shand a n d  Wright  (1962) p o i n t s  t o  t h e  f a c t  
t h a t  t h e  g e o l o g i c a l  e n v i r o n m e n t  of  t h e  s t a t i o n s  c o n c e r n e d  c o u l d  w e l l  
b e  a d o m i n a n t  f a c t o r . )  A t  e q u a t o r i a l  s t a t i o n s  T e p l e y  s o m e t i m e s  found 
a s t r u c  t u r e - d o u b l i n g  on  Sonagram d i s p l a y s ,  s u g g e s t i n g  s u p e r p o s i t i o n  o f  
waves  f rom o p p o s i t e  h e m i s p h e r e s  p r o p a g a t e d  a c r o s s  t h e  e q u a t o r .  
Pope (1964) drew a t t e n t i o n  t o  t h e  d i f f i c u l t y  of  m e a s u r i n g  
p o l a r i z a t i o n  of  p e a r l s  i n  a m e a n i n g f u l  manner  b e c a u s e  of t h e  s u p e r -  
p o s i t i o n  of r i s i n g  t o n e s  i n  t h e  s p e c t r a l  s t r u c t u r e ,  
Wentworth ( 1 9 6 4 )  c o n s i d e r e d  t h e  d i u r n a l  v a r i a t i o n  of o c c u r r e n c e  
o f  p e a r l s  and  d e c i d e d  t h a t  t h e  o b s e r v e d  t i m e s  of maximum a c t i v i t y  v i z .  
d i i r i n g  t h e  d a y  i n  t h e  a u r o r a l  z o n e s  and a t  p 3 g h t  i n  m i d d l e  l a t i t l i d c c .  
a r e  c o n s i s t e n t  w i t h  a n  a f t e r n o o n  maximum o f  p r o d u c t i o n  of p e a r l  
a c t i v i t y  a t  a l l  l a t i t u d e s ,  m o d i f i e d  b y  a n  i o n o s p h e r i c  s h i e l d i n g  e f f e c t  
Wentworth a l s o  c l a i m e d  t h a t  hm e m i s s i o n s  a r e  more  L i k e l y  t o  o c c u r  i n  t h e  
s e v e n  d a y s  f o l l o w i n g  a g e o m a g n e t i c  s torm t h a n  i n  m a g n e t i c a l l y  q u i e t  
p e r i o d s .  
Meanwhile O b a y a s h i  (1965) e x t e n d e d  t h e  i d e a s  o f  J a c o b s  and 
Watanabe t o  show t h a t  h y d r o m a g n e t i c  w h i s t l e r s  o r i g i n a t e  somewhere 
be tween 60° and  65' g e o m a g n e t i c  l a t i t u d e  and  t h a t  t h e  i n i t i a t i n g  w a v e  
i s  t r i g g e r e d  by s p o n t a n e o u s l y  i n j e c t e d  h i g h  e n e r g y  (4 100 keV) p r o t o n s ,  
g e n e r a t i n g  a n o m a l o u s l y  D o p p l e r  s h i f t e d  c y c l o t r o n  r a d i a t i o n ,  The wave 
i s  a m p l i f i e d  by a s l o w  beam o f  p a r t i c l e s  (-.) s e v e r a l  k e V )  t h r o u g h  
t r a v e l l i n g - w a v e  i n t e r a c t i o n .  He a l s o  s u g g e s t e d  a n  a l t e r n a t i v e  i n i t i a t i o n  
d u e  t o  r e l a t i v i s t i c  e l e c t r o n s .  On-e t h e  mechanism fs e x c i t e d ,  
p r o p a g a t i o n  w i t h i n  t h e  i o n o s p h e r e ,  or b e l o w  i t ,  t o  l o w e r  l a t i t u d e s  i s  
e n v i s a g e d .  
Heacock a n d  Hess l e r  (1965) c a r r i e d  f u r t h e r  t h e  i n v e s t i g a t i o n  
o f  t h e  r e l a t i o n  be tween p e a r l  e v e n t s  and  m a g n e t i c  s t o r m s  b y  s h o w i n g  
e v e n t ,  e s p e c i a l l y  b e t w e e n  1200 and  2000 L.M.T. The most  p r o m i n e n t  
p e a r l  e v e n t s  seem t o  f o l l o w  S . S , C , ' s  p r e c e d e d  by v e r y  q u i e t  m a g n e t i c  
f i e l d  c o n d i t i o n s .  They r e p o r t e d  t n a t  w h e r e a s  P i 1  and P c 3  a c t i v i t y  
a p p e a r  p r e c i s e l y  a t  t h e  r e p o r t e d  S . S . C ,  t i m e ,  t h e r e  1s a d e l a y  of 2-3 
m i n u t e s  b e t w e e n  S , S , C .  and t h e  o n s e t  o f  p e a r l  a c t i v i t y .  F u r t h e r  t o  
t h i s  t h e r e  o c c u r s  an  i n c r e a s e  i n  t h e  a v e r a g e  P c l  f r e q u e n c y  a t  t i m e s  of  
S,S c .  
t h a t  for C o l l e g e ,  Alaska,  a n  S . S . C .  i s  g e n e r a l l y  f o l l o w e d  by a p e a r l  
4 
T e p l e y  Heacock and F r a s e r  (7965) gave  some pr e l l m i n a r y  
r e s u l t s  o f  s p a c e d - s t a t i o n  o b s e r v a t i o n s  of hm e m i s s i o n s .  On some 
o c c a s i o n s  i t  is p o s s i b l e  € o r  t h e s e  e m i s s i o n s  t o  e x h i b i t  a l m o s t  
i d e n t i c a l  f r e q u e n c y - t i m e  c h a r a c t e r i s t i c s  o v e r  a g r e a t  g e o g r a p h i c a l  
e x t e n t ,  a l t h o u g h  t h e  s i g n a l  a m p l i t u d e s  a r e  n o t  n e c e s s a r i l y  c o m p a r a b l e  
a t  a l l  4 s t a t i o n s ,  On r a r e  o c c a s i o n s  e v e n t s  o b s e r v e d  s i m u l t a n e o u s l y  
a t  C o l l e g e  a n d  P a l o  A l t o  showed e n t i r e l y  d i f f e r e n t  c h a r a c t e r i s t i c s .  
In g e n e r a l  t h e  s i g n a l  a t  K a u a i  r e s e m b l e s  t h e  s i g n a l  a t  C o l l e g e  ( o n  t h e  
same g e o m a g n e t i c  m e r i d i a n )  more c l o s e l y  t h a n  d o e s  t h e  s i g n a l  a t  P a l o  
A l t o ,  much c l o s e r  t o  K a u a i .  The a u t h o r s  n o t e d  t h a t  t h e  l o n g i t u d e  
e f f e c t  i n d i c a t e d  by t h i s  may b e  a s s o c i a t e d  w i t h  l o c a l  t i m e ,  o r  p o s s i b l y  
w i t h  t h e  l o c a t i o n  o f  t h e  s i g n a l  s o u r c e  a b o v e  t h e  i o n o s p h e r e .  
A t  t h e  ANZAAS C o n g r e s s  in H o b a r t  i n  A u g u s t ,  1965 Dowden showed 
t h a t  t h e  t h e o r y  of  m i c r o p u l s a t i o n  w h i s t l e r s  c a n  b e  u s e d  t o  a l l o w  
m e a s u r e m e n t s  o f  e x o s p h e r i c  p l a s m a  d e n s i t y  i n  r e s o n s  h i t h e r t o  a l m o s t  
i n a c c e s s i b l e  b y  n o r m a l  V. L , F .  methods .  M a n c h e s t e r  s t r e s s e d  t h a t  
p r o p a g a t i o n  a t t e n u a t i o n  a l o n g  t h e  i o n o s p h e r i c  d u c t  i n  and a b o v e  t h e  F 
r e g i o n  c a n  be v e r y  i m p o r t a n t  i n  d e t e r m i n i n g  d a y  t o  n i g h t  c h a n g e s  i n  
p e a r l  a c t i v i t y .  M a i n s t o n e  r e p o r t e d  t h a t  P c l  r e c o r d s  f r o m  B r i s b a n e  
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show a c o n c e n t r a t i o n  of  a c t i v i t y  m a i n l y  be low 1 c / s :  t h i s  1s n o t  
u n l i k e  t h e  s i t u a t i o n  p r e v a i l i n g  i n  a u r o r a l  r e g i o n s  b u t  q u i t e  d i f f e r e n t  
f r o m  most  o t h e r  m i d  . l a t i t . u d p  s t a t :  on_, 
2 ,  Noise-Band E m i s s i o n s  - 
A b r o a d - b a n d  e m i s s i o n  i n  t h e  P c l  f r e q u e n c y  r a n g e  w a s  r e p o r t e d  
by G e n d r i n  and  S t e f a n t  ( 1 9 6 2 a ) .  It  w a s  most p r e v a l e n t  i n  t h e  a u r o r a l  
z o n e s  d u r i n g  n i g h t s  o f  s t r o n g  a u r o r a l  a c t i v i t y ,  t h o u g h  t h e r e  w a s  n o t  a 
c l o s e  c o r r e l a t i o n  b e t w e e n  t h e  two phenomena. M a i n s t o n e  (1963)  gave 
d e t a i l s  o f  a s imi l a r  " n o i s e - b a n d "  found on  t h e  B r i s b a n e  r e c o r d s ,  I n  
t h i s  c a s e  t h e r e  i s  a r e g u l a r  d i u r n a l  v a r i a t i o n  i n  f r e q u e n c y  ( f o r  
d e t a i l s  s e e  t h e  o t h e r  p a p e r  by Mains tone  i n  t h i s  r e p o r t ) ,  Comparison 
o f  r e c o r d s  f r o m  t h e  B r i s b a n e  a r e a  and t h e  Melbourne area i n d i c a t e  t h a t  
t h e  band  h a s  a l o w e r  f r e q u e n c y  a t  t h e  h i g h e r  l a t i t u d e ,  However 
T e p l e y  and  Amundsen ( 1 9 6 5 )  r e p o r t e d  t h a t  t h e i r  r e c o r d s  t a k e n  a t  a 
number o f  s p a c e d - s t a t i o n s  i n d i c a t e  t h e  p r e s e n c e  of " c o n t i n u o u s  s u b -  
ELF e m i s s i o n s " ,  w i t h  a h i g h e r  f r e q u e n c y  a t  h i g h e r  l a t i t u d e s .  The 
o r - i g i n  o f  t h e  n o i s e - b a n d  e m i s s i o n s  1s n o t  a t  a l l  c l e a r ,  t h o u g h  T e p l e y  
and Amundsen f a v o u r  h i g h - l e v e l  g e n e r a t i o n  as  a b r o a d  s p e c t r u m  o f  
h y d r o m a g n e t i c  waves which a r e  m o d i f i e d  i n  t h e  l o w e r  e x o s p h e r e  as  t h e y  
p r o p a g a t  e downwards t o  t h e  o b s e r v i n g  s t a t i o n ,  w h i l s t  M a i n s t o n e  s u g g e s t s  
a c o n n e c t i o n  w i t h  m i r r o r i n g  p a r t i c l e s  i n  t h e  r a d i a t i o n  b e l t s .  
P i 1  MICROPULSATIONS 
A good summary of  t h e  work on P i 1  p u l s a t i o n s  h a s  b e e n  g i v e n  by 
T r o i t s k a y a  (1964) .  From t h i s  r e v i e w  i t  a p p e a r s  t h a t  S . I , P . ,  o r  P i 1  
g e n e r a l l y  form p a r t  o f  t h e  m i c r o s t r u c t u r e  o f  i s o l a t e d  b a y s  and P12,  
a r e  o b s e r v e d  m a i n l y  i n  t h e  e a r l y  m o r n i n g  and l a t e  a t  n i g h t ,  and  a r e  
c l o s e l y  c o n n e c t e d  w i t h  a u r o r a l  i n t e n s i t y  v a r i a t i o n s  R e s u l t s  from 
L o v o z e r o  i n d i c a t e  t h a t  t h e r e  a r e  two maxima i n  t h e  S . I . P ,  d i s t r i b u t i o n ,  
t h e  f i r s t  c o n n e c t e d  w i t h  S . I . P , ' s  f o r m i n g  t h e  f i n e  s t r u c t u r e  o f  s l o w  
d i s t u r b a n c e s ,  and  second w i t h  S,I.P. e x c i t a t i o n  on  t h e  b a c k g r o u n d  of  a 
c o m p a r a t i v e l y  q u i e t  f i e l d .  
Campbel l  and  M a t s u s h i t a  ( 1 9 6 2 )  f o u n d  t h a t  t h e  i n t e n s i t y  o f  
S . I , P .  a t  C o l l e g e  i s  10 t i m e s  a s  g r e a t  as  i n  C a l i f o r n i a ,  and t h a t  
t h e r e  i s  a maximum of  o c c u r r e n c e  a t  t h e  e q u i n o x e s ,  Brown and  Campbel l  
( 1 9 6 2 )  e s t a b l i s h e d  t h a t  X-ray b u r s t s  and  S .  I , P ,  h a v e  c o m p a r a b l e  
o s c i l l a t i o n  p e r i o d s  and  t h e  two p r a c t i c a l l y  c o i n c i d e  - a 1 m i n u t e  d e l a y  
i s  n o t  uncommon. The a s s o c i a t i o n  of S . I , P .  w i t h  t h e  a u r o r a  and  X-ray 
b u r s t s  h a s  l e d  t o  t h e  s u g g e s t i o n  t h a t  S . I , P .  a r e  due  t o  p u l s a t i n g  
c u r r e n t s  a t  E - l a y e r  h e i g h t s  c a u s e d  by i n j e c t i o n  of  c h a r g e d  p a r t i c l e s  
( T r o i t s k a y a ,  9 6 4 )  I 
SOME UNANSWERED QUEST1 ONS 
I f e e l  t h a t  t h e r e  are  s e v e r a l  a s p e c t s  of  Pc l  a c t i v i t y ,  
p a r t i c u l a r l y ,  which s h o u l d  be i n v e s t i g a t e d ,  P e r h a p s  some of t h e s e  
c o u l d  b e  b o r n e  i n  mind when f u t u r e  e x p e r i m e n t s  a r e  p l a n n e d  and  when 
r e c o r d s  a r e  b e i n g  a n a l y s e d  :- 
( a )  A c c u r a t e  measurement  o f  t h e  f r e q u e n c y  s w e e p s  of  i n d i v i d u a l  
r i s f n g  t o n e s  a t  s p a c e d  s t a t i o n s ,  f o r  s i m u l t a n e o u s  e v e n t s ,  
( b )  Q u a n t i t a t i v e  r e s u l t s  o n  t h e  v a r i a t i o n  of a m p l i t u d e  m t h  
V '  "S and HE 0 W l a t i t u d e ,  p r e f e r a b l y  i n  a t  l e a s t  t h e  H 
c o m p o n e n t s ,  and i n  E and E a s  w e l l ,  i f  p o s s i b l e -  
( e )  How much do t h e  d i f f e r e n t  v a l u e s  o f  f 0 F 2  a t  w i d e l y - s p a c e d  
NS EW 
s t a t i o n s  a f f e c t  P c l  b u r s t s  o b s e r v e d  s i m u l t a n e o u s l y  a t  t h e s e  
s t a t i o n s ?  
( d )  Is  i t  p o s s i b l e  t o  m e a s u r e  a p r o p a g a t i o n  v e l o c i t y ?  
( e  1 P r o p e r  m e a s u r e m e n t s  o f  p o l a r i z a t i o n .  
( f )  A c h e c k  o n  Bomkess  r e s u l t s  f o r  1 c / s  s o u r c e s ,  
( g )  How i m p o r t a n t  i s  t h e  l o c a l  t i m e  e f f e c t ' ?  
( h )  V a r i a t i o n  of a c t i v i t y  w i t h  t h e  s u n s p o t  c y c l e .  
(i) M e a s u r e m e n t s  of t i m e  v a r i a t i o n s  of  p l a s m a  d e n s l t y  u s i n g  
Dowdenss  m e t h o d s ,  
U n d o u b t e d l y  t h e r e  a r e  many more u n a n s w e r e d  q u e s t i o n s  which we 
i n  t h i s  p a r t  o f  t h e  w o r l d  c o u l d  t a c k l e ,  e i t h e r  i n d i v i d u a l l y  o r  o n  a 
c 0- ope  r a t i  v e b a  s i  s . 
I *  . 
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J a S a  Mains tone  
1 . INTRODUCTI  ON --- 
A c c o r d i n g  t o  t h e  1963 I A G A  c l a s s i f i c a t i o n s -  g e o m a g n e t i c  
m i c r o p u l s a t i o n s  c o v e r  t h e  r a n g e  of p e r i o d s  f rom 600 s e c o n d s  t o  0 . 2  
s e c o n d s ,  i . e ,  f r e q u e n c i e s  f rom a b o u t  1-5 m i l l i c y c l e s / s e c  t o  5 c y c l e s / s e c ,  
I n  o r d e r  t o  r e c o r d  s a t i s f a c t o r i l y  a lmost  t h e  whole of t h i s  r a n g e  o f  
f r e q u e n c i e s  on m a g n e t i c  t a p e ,  i t  i s  c o n v e n i e n t  t o  use a t a p e  s p e e d  of  
2 s f 1 / h r  The uppe r  f r e q u e n c y  l i m i t ,  d e t e r m i n e d  c h i e f l y  by  t h e  gap  s i z e s  
o f  t h e  r e c o r d i n g  a n d  r e p l a y  h e a d s ,  i s  t h e n  - 1.5 c / s ,  The low f r e q u e n c y  
r e s p o n s e  d e t e r i o r a t e s  r a p i d l y  a s  t h e  e f f e c t i v e  l e n g t h  of c o n t a c t  be tween  
t h e  t a p e  and t h e  p o l e  p i e c e =  o f  t h e  r e p l a y  h e a d  e x c e e d s  A/2, where h i s  
t h e  r e c o r d e d  s ignal l  w a v e l e n g t h  o n  t a p e ,  For a t y p i c a l  h e a d  w i t h  a 
c o n t a c t  l e n g t h  of & I f q  h - c r i t - $ l ,  s o  t h a t  f o r  a t a p e  s p e e d  of 2&"/hr 
t h i s  c o r r e s p o n d s  t o  a s i g n a l  f r e q u e n c y  of 9 c y c l e s / h o u r  or 2.5 mc/s,  
Thus  a n  i n t e r v a l  of more t h a n  2s d e c a d e s ,  or 9 o c t a v e s ,  of m i c r o -  
p u l s a t i o n  s i g n a l s  i s  a v a i l a b l e  f o r  a r i a l y s l s  w h e n  t h e  t a p e  i s  r e p l a y e d  a t  
c o n v e n t i o n a l  t a p e  s p e e d s  i n t o  a Kay Sonagraph  or R a y t h e o n  Rayspan a u d i o  
s p e c t r u m  a n a l y s e r .  For  t h e  p r o d u c t i o n  o f  Sonagrams ( a s s u m i n g  a 
S o n a g r a p h  f r e q u e n c y  sweep o f  0-8 Kc/s)  r e p l a y  a t  301r / sec ,  r e p r e s e n t i n g  a 
s p e e d - u p  of  a b o u t  44,000 t i m e s ,  i s  s u i t a b l e  f o r  d a i l y  d i s p l a y s  o f  Pc5 
and  P i  s p e c t r a ,  w h i l s t  r e p l a y  a t  5+"/sec,  a 5,500 t i m e s  s p e e d - u p ,  g i v e s  
P c l  or " p e a r l "  e v e n t  s p e c t r a .  
F o r  t h e  p u r p o s e s  o f  s p e c t r a l  a n a l y s i s  t h e  U n i v e r s i t y  of  
Q u e e n s l a n d  h a s  s e t  up equipment  a t  T o o l a n g i :  n e a r  Melbourne ,  V i c t o r i a  
and  T o w n s v i l l e ,  N o r t h  Q u e e n s l a n d ,  a s  w e l l  as  t h e  b a s e  s t a t i o n  a t  Esk 
( n e a r  B r i  s b a n e  1 .  
2 .  THE Pc3  SPECTRUM ----
( i )  D I U R N A L  B E H A V I O U R :  The Pc3  s p e c t r u m  a t  e a c h  s t a t i o n  i s  
m a r k e d l y  v a r i a b l e  from day to-day ,  However, t h e  a c t i v i t y  c a n  be 
r e s o l v e d  i n t o  two main componen t s ,  v i z . ,  a component  which v a r i e s  
d i u r n a l l y  and a n o t h e r  which i s  r e l a t e d  t o  t h e  d e g r e e  of geomagne t i c  
a g i t a t i o n .  When t h e  K i n d e x  i s  e s s e n t i a l l y  c o n s t a n t  d u r i n g  t h e  whole 
of t h e  day  t h e  h i g h e s t  f r e q u e n c i e s  p r e s e n t  i n  t h e  s p e c t r u m  a p p e a r  a r o u n d  
midday ( F i g .  1). Changes  i n  K from one 3-hour  i n t e r v a l  t o  a n o t h e r  
g e n e r a l l y  p r o d u c e  a m o d u l a t i o n  o f  t h i s  b a s i c  d i u r n a l  v a r i a t i o n  ( F i g s .  2 
P 
P 
and  3 )  
( i i  ) TEMFOZAL AND SPATIAL VARIATIONS ; Sudden commenc ement o r  
c e s s a t i o n  of P c 3  a c t i v i t y ,  o r  s h a r p  i n t e r r u p t i o n s  a t  t i m e s  of o t h e r w i s e  
c o n t i n u o u s  o c c u r r e n c e ,  a r e  a f e a t u r e  o f  t h e  d a i l y  Sonagrams,  T h a t  t h e 5 7  
a r e  r e a l  e f f e c t s  i s  shown b y  t h e  f a c t  t h a t  t h e  same p a t t e r n  c a n  O C C U K  
i n  d e t a i l  a t  Esk and  T o o l a n g i  ( F i g s ,  4 a n d  51, and a l s o  a t  T o w n s v i l l e ,  
A t  t h e  E s k  s t a t i o n  b o t h  t h e  HNmS and HE-w components  a r e  r e c o r d e d :  t h e  
o t h e r  s t a t i o n s  r e c o r d i n g  HN-S  o n l y .  The Sonagrams and c h a r t  r e c o r d s  
f r o m  Esk i n d i c a t e  t h a t  t h e  a c t i v i t y  i s  o f t e n  h i g h l y  p o l a r i z e d ,  and i t  i s  
n o t  a l w a y s  t h e  HN-S  s p e c t r u m  which shows t h e  b e s t  d t t a l e d  s i m i l a r i t y  
t o  t h e  s p e c t r a  for T o o l a n g i  and T o w n s v i l l e .  
-----_I_ -- 
Pc3 AND MAGNETIC INDICES: I n  o r d e r  t o  t e s t  s t a t i s t i c a l l y  (111) -I_-- -- 
t h e  r e l a t i o n s h i p  b e t w e e n  t h e  f r e q u e n c y  r a n g e  c o v e r e d  by P c 3  on ? h e  d a l y  
Sonagrams and  m a g n e t i c  K - i n d i c e s  t h e  L n t e r v a l  1000.13 00 E , A  S O T ,  w a s  
c h o s e n  - t h i s  c o r r e s p o n d s  t o  OOOO-O3OO U,T. o r  t h e  
P c ~  p u l s a t i o n s  a r e  p r e s e n t  d u r i n g  t h i s  t i m e  e v e r y  d a y  or1 t h e  T o o l a n g i  
S o n a g r a m s ,  e v e n  i f  a t  t i m e s  t h e y  a r e  r a t h e r  w e a k  and might b e  h a r d  t o  
d e t e c t  o n  c h a r t  r e c o r d s ;  a l s o ,  t h e  sun i s  t h e n  n e a r e s t  t h e  z e n i t h  (one 
would hope t h a t  t h i s  r r p r e s e n t s  t h e  l e a s t  c o m p l i c a t e d  s i t u a t i o n ) .  A 
t o t a l  of 211 c o n s e c u t i v e  d a y s  f r o m  November 2 ,  1962 t o  May 3'17 1965 w a s  
i n c l u d e d  i n  t h e  a n a l y s i s  C o r r e l a t i o n s  w i t h  t h e  m a g n e t i c  i n d i c e s  K 
P a n d  K - s u m ,  KT ( t h e  T o o l a n g i  K i n d e x )  and  K and  A were t e s t e d .  
1st d a i l y  Kp  p e r i o d .  
T-SUM' P 
To summarize t h e  r e s u l t s :  Each o f  t h e  c o r r e l a t i o n s  i s  
s i g n i f i c a n t  t o  b e t t e r  t h a n  t h e  0.1% l e v e l .  The c o r r e l a t i o n s  be tween 
P c 3  f r e q u e n c y  and Kp, K-sum, KT and  K T - S U M  a r e  e a c h  g r e a t e s t  f o r  z e r o  
d e l a y .  On t h e  o t h e r  hand t h e  c o r r e l a t i o n  m t h  A r e a c h e s  a maximum for 
a d e l a y  o f  1 d a y ,  t h e  s e n s e  o f  t h i s  d e l a y  b e i n g  s u c h  t h a t  A for t h e  
d a y  -- f o l l o w i n g  g i v e s  b e s t  c o r r e l 3 t i o n  w i t h  t h e  Pc3  f o r  a p a r r i c u l a r  d a y ,  
The same t h i n g  o c c u r s  when Ap i s  t e s t e d  f o r  c o r r e l a t i o n  w i t h  t h e  o t h e r  
m a g n e t i c  i n d i c e s ,  
P 
I t  i s  c l e a r  f r o m  t h i s  t h a t  t h e  f r e q u e n c y  band c o v e r e d  by P c 3  
p u l s a t i o n s  i s  a s e n s i t i v e  i n d i c a t i o n  of t h e  g e n e r a l  l e v e l  o f  geomagnet ic  
d i s t u r b a n c e  as m e a s u r e d  by t h e  c o n v e n t i o n a l  p a r a m e t e r s .  S i n c e  a 
c o n t i n u o u s  r e c o r d  o f  t h e  P c 3  s p e c t r u m  i s  o b t a i n a b l e  q u i t e  s i m p l y  i t  
s e e m s  r e a s o n a b l e  t o  s u g g e s t  t h a t  t h i s  r e p r e s e n t s  a v e r y  c o n v e n i e n t  
method o f  m o n i t o r i n g  t h e  " s t r e n g t h "  of  t h e  s o l a r  wind ,  s i n c e  S n y d e r ,  
Neugebauer  a n d  Rao ( 1 9 6 3 )  h a v e  a l r e a d y  d e m o n s t r a t e d  a h i g h  c o r r e l a t i o n  
b e t w e e n  m e a s u r e d  s o l a r  wind p l a s m a  v e l o c i t y  a n d  t h e  v a l u e  o f  K 
P '  
The l a g  o f  a day i n  t h e  c a s e  of  A s e e m s  t o  i n d i c a t e  t h a t  t h e  P l a r g e r  a m p l i t u d e  m a g n e t i c  d i s t u r b a n c e s  (which  a f f e c t  t h e  l i n e a r  i n d e x  
Ap much more t h a n  t h e  l o g a r i t h m i c  K i n d e x )  t a k e  some t i m e  t o  b u i l d  u p  
and  d e c a y .  T h i s  may b e  e v i d e n c e  f o r  t h e  c o n t i n u o u s  e x i s t e n c e  of  a r i n g  
c u r r e n t .  
(IV) G E O G R A P H I C A L  EXTENT OF CORRELATION:  The same d a i l y  -- 
m i c r o p u l s a t i o n  d a t a  f rom T o o l a n g i  have a l s o  b e e n  compared w i t h  t h e  K 
f i g u r e s  from Macquar ie  I s l a n d  ( g e o m a g n e t i c  l a t i t u d e  60~s) o n  t h e  e d g e  of 
t h e  s o u t h e r n  a u r o r a l  z o n e ,  and  P o r t  Moresby ( g e o m a g n e t i c  l a t i t u d e  ' 1 8 O S )  
as w e l l  as T o o l a n g i  ( g e o m a g n e t i c  l a t i t u d e  4-7OS) ,  T h e s e  m a g n e t i c  
. 
o b s e r v a t o r i e s  l i e  w i t h i n  ^f "2' o f  t h e  same g e o m a g n e t i c  m e r i d i a n .  
maximum P c 3  f r e q u e n c y  p r e s e n t  between 1000-1300 h E . A . S . T .  on  t h e  
T o o l a n g i  Sonagrams w a s  t e s t e d  f o r  c o r r e l a t i o n  wit,h e a c h  s e t  o f  K f i g i i r n z  
f o r  t h e  c o r r e s p o n d i n g  p e r i o d  of  t i m e ,  and  t h e  d a i l y  K-sum f o r  e a c h  
s t a t i o n  w a s  a l s o  u s e d  i n  a s i m i l a r  manner 
The 
The c o r r e l a t i o n  c o e f f i c i e n t  f o r  P c 3  v s  K f i g u r e  is  a l m o s t  
i d e n t i c a l  for t h e  K f i g u r e s  f rom T o o l a n g i  a n d  Port Moresby v i z .  0,66 
a n d  0,65 r e s p e c t i v e l y  f o r  t h e  211 p a i r s  o f  v a l u e s ,  w h e r e a s  i t  f a l l s  t o  0.45 
f o r  t h e  M a c q u a r i e  I s l a n d  K f i g u r e s .  The same t r e n d  i s  i n d i c a t e d  by t h e  
c o r r e l a t i o n s  w i t h  t h e  K-sum v a l u e s  f o r  e a c h  p l a c e ,  v i z .  0.61 f G r  b o t h  
T o o l a n g i  and P o r t  Moresby ,  0,50 for Macqual-le I s l a n d ,  
T h e s e  r e s u l t s  a r e  p e r h a p s  a l i t t l e  s u r p r i s i n g  i n  t h a t  Macquar ie  
I s l a n d  and  T o o l a n g i  a re  s e p a r a t e d  in g e o m a g n e t i c  l a t i t u d c  b y  l e s s  t h a n  
h a l f  o f  t h e  s e p a l - a t i o n  be tween T o o l m g i  and P o r t  Moresby ,  We may 
c o n c l u d e  e i t h e r  t h a t  t h e  p r e d o m i n a n t  d a y - t i m e  P c 3  a c t i v i t y  a t  T o o l a n g i  
i s  c a u s e d  p r e f e r e n t i a l l y  by a low- and m i d d l e - l a t i  t u d e  phenomenon 
( p o s s i b l y  r e l a t e d  t o  t h e  Sq c u r r e n t  s y s t e m ? ) ,  or t h a t  a p a r t  o f  t h e  
K f i g u r e  v a r i a t i o n  a t  Macquar ie  I s l a n d  1s d u e  t o  l o c a l  a u r o r a l - t y p e  
phenomena which a r e  i n  t u r n  a s s o c i a t e d  w i t h  Pc4 and  P c 5  b u t  n o t  w i t h  Pc3 ,  
and p a r t  w i t h  a more w i d e s p r e a d  phenomenon, 
On t h i s  e v i d e n c e  a l o n e ,  t h e r e f o r e .  i t  i s  n o t  p o s s i b l e  t o  d e c i d e  
w h e t h e r  o r  n o t  t h e  a u r o r a l  z o n e s  r e p r e s e n t  t h e  p r i m a r y  l o c a t i o n s  01' P.3 
a c t i v i t y  , 
( v )  P c 3  AND THE IONOSPHERE: D u r i n g  t h e  t i m e s  of m a g n e t i c  -- --- 
s t o r m s ,  i o n o s p h e r i c  s t o r r x s  may d e v e l o p  and  f 0 F 2 ,  t h e  c r i t i c a l  f r e q u e n c y  
o f  t h e  F r e g i o n ,  may f a l l  c o n s i d e r a b l y .  I t  i s  n a t u r a l ,  t h e n ,  t o  ask 
w h e t h e r  t h e  P c 3  f r e q u e n c y  s p r e a d  c o r r e l a t e s  n e g a t i v e l y  m t h  f 0 F 2 ,  
V a r i o u s  w o r k e r s ,  e . g  , D u f f u s  ( 1 9 6 0 ) ,  h a v e  shown v a g u e  g e n e r a l  c o n n e c t ~ o n s  
of  t h i s  t y p e  b e t w e e n  P c 3  and  t h e  F r e g i o n ,  
For a p e r i o d  o f  some 16 d a y s  i n  e a c h  o f  May, A u g u s t  and  
November,  1962 h o u r l y  v a l u e s  of t h e  P c 3  maximum f r e q u e n c y  a t  E s k  were 
compared  w i t h  f0F2 f rom M o g g i l l ,  a B r i s b a n e  s u b u r b ,  A s  e x p e c t e d ,  t h e  
h o u r l y  v a l u e s  o f  t h e s e  two p a r a m e t e r s  when a v e r a g e d  o v e r  t h e  whole of 
e a c h  sample  show s imi la r  d i u r n a l  v a r i a t i o n s ,  i . e , ,  i n  t h i s  s e n s e  t h e r e  
is a h i g h  p o s i t i v e  c o r r e l a t i o n  between t h e  a v e r a g e  b e h a v i o u r  of  t h e  t w o ,  
t h e  i n t e r p r e t a t i o n  b e i n g  s i m p l y  t h a t  t h e r e  is a common s o u r c e  f o r  t h e  
e l e c t r  o m a g n e t i c  and  c o r p u s c u l a r  r a d i a t i o n  r e a c h i n g  t h e  e a r t h  However ,  
when r e p r e s e n t a t i v e  t i m e s  of 0500, 0900, 1500 and 2700 h E A,S T ,  a r e  
c o n s i d e r e d ,  t h e  c r o s s - c o r r e l a t i o n s  f o r  t h e  t h r e e  s a m p l e s  show e r r a t i c  
b e h a v i o u r  b e i n g  s o m e t i m e s  p o s i t 1  ve ,  somet imes  n e g a t i v e ,  b u t  in a n y  r a se  
n o t  s i g n i f i c a n t ,  T h u s ,  b y  t h i s  t e s t ,  P c 3  a c t i v i t y  and f 0 F 2  a p p e a r  t o  b e  
u n r e l a t e d .  
When t h i s  a n a l y s i s  w a s  r e p e a t e d ,  f i r s t l y  w i t h  foEs and  t h e n  
w i t h  h ' F  as t h e  i o n o s p h e r i c  p a r a m e t e r ,  i n  e a c h  c a s e  t h e  r e s u l t s  o n c e  
a g a i n  i n d i c a t e d  a l a c k  o f  a n y  r e l a t i o n s h i p  T h i s  d o e s  n o t ,  o f  c o u r s e ,  
r u l e  O U T  t h e  p o s s i b i l i t y  t h a t  much s m a l l e r  h e i g h t  and e l e c t r o r i  d e n s 1  t y  
v a r i a t i o n s  i n  t h e  i o n o s p h e r ~ ~  a r e  r e l a t e d  t o  P c 3  a L t i v i t y  as  1s 
s u g g e s t e d  b y  t h e  s m a l l  f r e q u e n c y  v a r i a t i o n s  (+I i n  107) v e a s i l r e d  
WWV t r a n s m i s s i o n s  o v e r  d i s t a n c e s  or' a few t h o u s a n d  k i l o m e t e r s  r)y Fenwick 
and  V i l l a r d  ( 1 9 6 0 )  arid D a v i e s ,  W a t % s  and Z a c h a r i s e n  ( 1 9 6 2 ) .  
f o r  
( v i )  MAGNETOSPHERIC 'MEMORY'  : T h e r e  i s  e v i d e n c e  t h a t  d e t a i l e d  ---- ------- 
f i n e - s t r u c t u r e  i n  t h e  Pc3  s p e c l r u m  may r e t a r 1  i t s  i d e n t i t y  f o r  s e v e r a l  
d a y s .  For i n s t a n c e  a t  a b o u t  t h e  sa le  L i m e  o n  two s u c i t s s i v e  d a y s  
( S e p t e m b e r  2 8  aEd 29. 1963) t h e  same f i n e - s t r u c t u i e  i n  t h e  d a i l y  o n s e t  
o f  P c 3  a c t i v i t y  is 5 ~ e n  o n  t h e  T o o l a n g i  r e c o r d s  (Figs, 6 and 7) I n  
e a c h  c a s e  t h e  Sonagram shows an  u n u s u a l  s i t u a t i o n  i n  t h a t  t h e  Pc3 sthrts 
w i t h  t h e  h i g h c r  f r e q i l e n c i e s  and then e x t e n d s  downwards a t  a uniform r a t e  
t o  t h e  l o w e r  f r e q u e n c i e s  ( a  r a n g e  o f  a b o u t  30 mc/s)  in some 2 0 - 3 0  
m i n u t e s .  O t h e r  exarnp1t.s o f  t h i s  t y p e  h a v e  bee;; o b s e r v ~ d ,  p a r t i c u l a r l y  
d u r i n g  m a g n e t i c a l l y - a c t i v e  p e r i o d s .  S i n c e  a 24-hour. p e r i o d i c i t y  i n  t h e  
i n c i d e n t  s o l a r  wind i z  r a t h e r  u n l i k e l y ,  i t  seems t h h t  e v i d e n c e  is 
a c c u m u l a t i n g  f o r  t h e  " f r e e z i n g - i n "  o f  a d i s t d r b a n c e  c o n f i g u r a t i o n  i n  t h e  
m a g n e t o s p h e r e  ( p o s s i b l y  due Lo plasma i n j e c t i o n ) ,  which t h e n  d e t e r m i n e s  
t h e  P c 3  f r e q u e n c i e s  which c a n  be e x c i t e d  by t h e  s o l a r  m n d ,  The 
Sonagram r e c o r d s  s u g g e s t  t h a t  s u c h  a d i s t u r b a n c e  r e t a i n s  i t s  i d e n t i t y  f o r  
a maximum of 2-3 d a y s  o n l y -  
(vii) LONG TERM CHARGES: The r e g u l a r  p r o d u c t i o n  o f  d a i l y  
Sonagrams a t  Esk began i n  May, 1 9 6 2 ,  A t  t h a t  t i m e  t h e r e  w a s  l i t t l e  - 
e v i d e n c e  of a n y  d i s t i n c t  barids i n  t h e  P C ~  s p e c t r u m  ( F j g , 8 )  L l a t e r  i _ n  
1962  and i i x r e a s i n g l y  d u r i n g  t h e  s u c c e e d i n g  y t a r s ,  i t  be,dme c l e a r  t h a t  
t h e  P c 3  Sonagrams g e n e r a l l y  p o s s e s p e d  a f i n e - s t r u c t u r e  ( F i g s .  9 and  '01, 
which w a s  a l s o  seen  o n  t h e  T o o l a n g i  r e c o r d s  ( F i g  11). T h a t  t h i s  i s  riot  
d u e  t o  t h e  equipment  used  t o r  r e c o r d i n g  1s e v i d e n c e d  by t h e  f a c t  t h a t  
s imi l a r  f r c q u e r , c y  b s n d s  a r e  v i s i b l e  on Sonagrams p r o d u c e d  f:-om v e r y  
d i f f e r e n t  e q u i p m e n t  a t  S e a t t l e ,  U.S A ,  (Fig. 1 2 )  The f req i lenc j r  b a n d s  
on  t h e  B r i s b a n e  r e c o r d s  t y p i c a l l y  show l i t t l e  v a r i a t i o n  o v e r  many d a y s  
a l t h o u g h  r e l a t i v e l y  s u d d e n  (-a a n  hour) c h a n g e s  o c c u r  f r o m  t i m e  t o  t i n i e  
( F i g s ,  '5 and 14). 
( v i i i )  SOLAR FLARE EFFECT: A d e t a i l e d  s t u d y  h a s  b e e n  made of  -- -- 
t h e  m i c r o p u l s a t i o n s  a s s o c i a t e d  w i t h  t h e  s o l a r  f l a r e  a t  a b o u t  2358 U,T. 
on S e p t e m b e r  20 ,  1963, As t h e  f l a r e  o c c u r r e d  a r o u n d  1000 h E A.S T ,  t h e  
T o o l a n g i  and  E& s t a t i o n s  were  i n  a f a v o u r a b l e  p o s i t i o n  t o  o b s e r v e  a n y  
r e l a t e d  m i c r o p u l s a t i o n  phenomena. The T o o l a n g i  d a i l y  Sonagram ( F i g ,  15) 
shows very w e a k  P c 3  a c t i v i t y ,  t y p i c a l  o f  a m a g n e t i c a l l y  q u i e t  p e r i o d ,  
d u r i n g  t h e  h o u r s  p r i o r  t o  t h e  f l a r e .  C o i n c i d i n g  w i t h  t h e  f l a r e  e v e n t  
t h e r e  i s  a s u d d e n  onse-c o f  s t r o n g  P c j  which t h e n  l a s t s  u n t i l  a b o u t  1750 
h E . A . S  . T  , i. e .  , r o u g h l y  s u n s e t  t i m e .  
The c h a r t  r e c o r d s  o f  t h e  m a g n e t i c  c o m p o n e n t s  a n d  e a r t h  c u r r e r , t s  
a t  E s k  show l a r g e  a rnpl i  t u d e  d i s t i l r b a n c e s  of  s h o r t  d u r a t i o n  c o i n c i d e n t  
w i t h  t h e  f l a r e ,  s i m i l a r  t o  t h o s e  r e p o r t e d  by p r e v i o u s  w o r k e r s .  The Esk 
Sonagram shows t h a t  weaker  Pc'5 a c t i v i t y  c o n t i n u e d  f o r  a f u r t h e r  2 - 3  
h o u r s ,  b u t  n o t  as l o n g  as  for T o o l a n g i .  
I *  . 
I 
0 .  
. 
(I) T E a C L s '  --I : D U I  L I J ~  i r i -  p t r  ida ividy, lgbd to  iJanuary 19h4 a t c t a l  ) f  
2 I I  w e l l - d e t i n e d  bursts of P 1 o ' i i i r t ? ~  o n  t h e  HN-s r-iorcis f r o m  E& 
O f  t h e s e ,  158 (iJr 64%) w r r f  b t t w r e r i  l u _ e i l  m i d n i g t i t  .*rid 090Q ki7 74 (cr 
'54%) betwerr ,  1500 hi arld rr,ic!r,ight whi 1st o i ~ l y  'i (or .'%) were d e t e c  tezl 
be tween  0900 dud 1500 11, The p-dk o f  t h e  d i u r r i a l  a L t i i r i t y  d p p t ~ r s  t o  
b e  a t  d b o i i t  0200-0300 h ( F i g  '16). This r e s u l t  is 11, g y n e r a l  d g r e t m t r i t  
w i t h  the f inci ingD or oth t : r  w o r k e r >  to r  thi:, l a t i t u d e  Wt.ntwoi t h  ('964) 
b e l i e i r e s  t h a t  t h e r t  i s  a m d x i r n u m  p r o d i l c t i o r i  b f  t h i s  t y p e  o f  p u l s a t i o r l  
a b o v e  t h e  a f t e r n o o n  h e m i s p h e r e  o t  t h e  e s r t h  and tha t  t h e  o h s e r v ~ d  
d i u r n a l  v a r i s l t i - l n  o f  ( ~ c c u r r e n  t i s  due t o  t h e  s h i e l d i n g  @ f l y (  t cJf t h e  
i o n o s p h e r c  
I t  w d 5  showil b y  b s \ ~ c r a L  w o r k t r s  s L m u l t a r ~ e o u s l y ,  111 l u d i r l g  
M a i n s t t 3 r r e  c ~ ~ d  M c N i c o l  ( 1962) t h a t  T h e  t r e q u t n - y  a p t c t r u m  a t  Pcq 
C O I I S ~ S ~ ~  of 1 b i r  L L  s o f  rh-pi3 u p w d t  1 J'requerit-y sweep5 o v + r  3 l i m i t e d .  
w e l l - d e f i n e d  ra r igr  ( F i g s  I7 a n d  18) T h e  mean or  m l d - b a L i d  t r e q u e n c y  
a t  Esk d u r i n g  t n e  May ,1962 - Jar1,Jary 1964 p e r i o d  !dy b t  t w p e r ,  0.5 r / s  
and 1 . 1  c / s ,  w i t h  4 peak of o ~ - i i r r e r ~ ~ c  a t  0 . 6  L,'? (E ' ig ,19 )  T h t y e  1 5  
also some e v i d e n c e  of  3 beirld a p p a r e n t l y  cer i t , red on t h e  1,4 to l.6 c / s  
r e g i o n  b u t  b e c a u s e  o f  a n  u p p e r  limit nf a b o u t  1.8 c / s  impos:d by t h -  
method o f  r e c o r d i n g  drld ~ r i a l y s i b ,  t h e  i n f o r m a t i o n  o n  this p o s s i b l e  
s e c o n d  bar id  l i b  s< arit 
Fr C ) Y  Sot a g r a n s  tat P c l  r e  ?Fried a t  s t ' l t i o r i s  n e d r  Bri,bdric 
be tween  S e p t e m b e r ,  1961 arid November. 19tj2, t h e  m i d b ~ n t l  t r  eqi ier icy,  f m '  
and  the s p a c i n g  t ,  betweer  ed( h f requpnc  y sweep  W C ~ C  e s t i m a t e d  f o r  
e a c h  3ccur  r t r i c e  o f  t he  pi ~ l s a t i o r i s ,  t oge  t h r r  w i  t,h tht priJdUc t fmt Th+ 
fac , t  t h a t  the p r o d u s t  t t r ema i r l s  r ~ l a t i v e l y  c o n s t a r l t  ever: t hough  r m  
v a r i e s  d v e r  a w i d -  ra:,ge 01 t r e q i i e n c - i t s  w a 5  l i r s t  o b s e r v e d  by Geridrii i  
and S t e f a n t  ( 7 9 6 2 ) .  T h e i r  r e s u l t s  were f o r  s t d t i o r i s  a t  Chambori-la- 
Foret ( g e o m a g n e t i c  l a t , i t u d r  5 0 ° N )  arid Tromsb  (geomagr ie t ic  l d t i  t u d e  6 ' i 0 N ) ,  
t h e  m e a n  v a l u e  o f  t h e  p r o d u c t  f m t  for t h e s e  stations i s  110 whi l s t ,  o u r  
r e s u l t s ,  spanriir lg r o u g h l y  t h e  same pLr lod  o f  t i m e ,  @ \ I P  a m-ari v a l u e  o f  
92 The ex t reme v a l u e s  i n  thc-. c a s e  of t h e  Queens land  r e c o r d s  arc-. 68 
and  I 1 0  uvhereas t h -  uppe r  and  lcjwer l imit3 g i v e n  i n  t h e  a n a l y s i s  b y  
G e n d r i n  and S t e t a r i t  dre 56 and 157. Ther ;  may be a l a t i t u d e  dependence  
i n v o l v e d ,  a l t h o u g h  t h e  r e s t r l c  t c d  f r e q u e n c y  r a n g e  o f  t h e  B r i s b a n e  
equ ipmen t  p o s s i b l y  C S U S ~ S  a b i a s  towards t h e  P c l  m t h  l o w e r  midbarid 
f r e qu e nci e s . 
m 
In a paper by ( ; e n d r i n  (7963)  o b s e r v a t i o n s  Lrom C o l l e g e  A l a s k a  
and Chambori are compared  and  i t  is i l e a r  t h a t  t h e  C o l l e g e  r e \ . o r d s  
( o b t a i n e d  from c h a r t s ,  n o t  S o n a g r m s  u n f o r  t , u r i a t e ly )  show l o w e r  midband 
f r e q u e n c i e s  and  g r e a t e r  swt:cp sparings, alt ,hoiigh t h e  produl - t  f m t  f o r  
C o l l e g e  a p p e a r s  t o  give a v a l u e  around IOU also, 
V a r i o x  ad? hors e .  g o  J a c o b s  a n d  J o l l e y  i 1962). h a v e  s u g g e s L ~ i l  
t h a t  t h e  o - r i ~ r r ~ r i ( e  of P r l  is a l o c a l - t i m e  phenomtr,on a n d  halie praducGA 
some e v i d e n c e  t o  show t,hr wes tward  p r o g r e s s i o n  o f  Pcl b u r , t h  a t  a b o l i t  
'je of  i o n g l t u d p  p ~ r  houi  I t  is n o t i c e a b l e  t h a t  orl o ~ l r  r e c o r d s  v e r y  
o f t e n  b u r s t s  o f  P c l  a p p e a r  o n  c o r l s e C u t i v ~  d a y s  s o m e t h i n g  like 24 
h o u r s  a p a r t ,  which would l e n d  some weight  t o  t h i s  p r o p o s i t i o n  
I n  t h e  p a p e r  by G e n d r i n  (19631, qiuoted a b o v e ,  h r  shows d 
Sonagram of  a good P c l  b u r s t  o c c u r r i n g  a t  Chambon be tween 0400 and 0440 
U,T on August  74. 1962. The rnidband f r e q u e n c y  is 0,75 L , / s  and t h e  
sweep s p a c i n g  i s  180 s e c  A b u r s t  of  P c l  l a s t i n g  f o r  abc.ut  45 m i n u t e a  
and  w i t h  a midband f r e q u e n c y  of  0,7 c / s  o r c u r s  on t h e  E s k  r e , o r d b  a t  
(Fig. 20)* A s  this i s  d r e l a t i v e l y  i s o l a t e d  b u r s t  o n  t h e  E& r e c o r d s  
v e r y  s i m i  l d r  in gerier a 1  chard( .+  e r  1 s t i c  s t o  t h a t  r e c o r d e d  a t  Chambon 
a b o u t  8% h a i i r s  l a t e r ,  it t e m p t i r g  t o  c a n c l u d e  t h a t  the two 
d i s t u r b a n c e s  h a v e  a common o r i g i n  ~ i t '  t h i s  i s  so t h e  wes tward  d r i f t  
o f  t h c  b u r s t  i s  a b o u t  17" p e r  noiir which i s  i n  agreemerit  with t h e  
r e s u l t s  q u o t e d  by J a c o b s  and J o l l e y .  
0540 E , A , S . T ,  o n  August  14, 1962. ~ , e , ,  1940 U,T. 011 August ' 3 ?  '1962 
However ,  one i n t e r e s t i n g  p d i n t  a r i s e s ,  v i z  , t h e  s w r e p  s p a c i n g  
€ o r  t h i s  b u r s t  a s  r e c o r d e d  at Esk 1s a b o u t  120 setconcis,  w h e r e a s  a t  
Chambon i t  i s  780 s e c o n d s ,  If t h e  i d e a s  p u t  f o r w a r d  by O b a y a s h i  (1965) 
a r e  c o r r e c t ,  this r p s u l t  would i m p l y  t h a t  e i t h e r  a g u i d e d  hydromagne t l c  
wave p a c k e t ,  a n d / o r  a g r o u p  of  p a r t i c l e s ,  s h i f t s  t o w a r d s  a slightly 
h i g h e r  g e o m a g n e t i c  l a t i t u d t  d u r i n g  t h e  84 h o u r s <  O b a y a s h i ' s  f i g u r e s  
v v o u ~ u  seem i o  i n a i L a t e  a l a t i t u d e  &ift of a b o u t  2 O .  or a - h a n g €  ~n 
L - v a l u e  01 a b o u t  0 - 6 ,  
. 
( i i )  NOISE I---- BAND: The m i c r o p u l s a t i o n  r e c o r d s  f r o m  E& show a 
c h a r a c t e r i s t i c  n o i s e  band c e n t r e d  a t  a b o u t  250 mc/s (E ' igs  21 and 2 2 ) .  
D u r i n g  d a y l i g h t  h o u r s  t h e  band becomes q u i t e  d i f f u s e  b u t  a t  n i g h t  i s  
much b e t t e r  d e f i n e d .  I t  i s  t h e n  c o n f i n e d  t o  s a y  100 mc/s t o  500 mc/s ,  
An i n s p e c t i o n  o f  a s e r i e s  of c o n s e c u t i v e  d a y ' s  r e c o r d s  shows c l e a r l y  
t h a t  t h e r e  i s  a d i u r n a l  v a r i a t i o n  i n  t h e  f r e q u e n c i e s  c o n t a i n e d  i n  t h e  
n o i s e  b a n d .  The w e l l - d e f i n p d  n i g h t  - t i m e  band r e a c h e s  i t s  maximum 
f r e q u e n c y  be tween m i d n i g h t  and 0400 h E , A . S , T .  w t h  a d i s t i n c t  p r e f e r e n c e  
for t h e  e a r l i e r  t i m e  d u r i n g  t h e  m n t e r  m o n t h s .  
A c o m p a r i s o n  b e t w e e n  t h e  maximum f r e q u e n c y  a t t a i n e d  e a c h  d a y  
and  t h e  m a g n e t i c  d i s t u r b a n c e  i n d e x  K - s u m  f a l s  t o  s u g g e s t  a n y  
r e l a t i o n s h i p ,  S i m i l a r l y  t h e  t i m e  of o c c u r r e n c e  o f  t h e  maximum 
f r e q u e n c y  i s  a p p a r e n t l y  i n d e p e n d e n t  o f  m a g n e t i c  a c t i v i t y .  However ,  
t h e  c r o s s - c o r r e l a t i o n  b e t w e e n  t h e  maximum f r e q u e n c y  a n d  K - s u m  for 2 
s a m p l e s  c o v e r i n g  t h e  months  June t,o December,  1962 and March t o  J u n e ,  
I963 r e s p e c t i v v l y  i n d i c a t e s  t h a t  a l t h o u g h  t h e r e  1s n 3  c o r r e l a t l o n  f o r  
z e r o  d e l a y ,  t h e r e  is a c o n s i s t e n t  c o r r e l a t i o r i  ( b e t w e e n  1% and 2% l e v e l  
o f  s i g n i f i c a n c e )  f o r  a d e l a y  o f  -3 d a y s  and f o r  +5 or 6 d a y s  i . e  , a 
K - s u m  c h a n g e  a p p e a r s  t o  p r o d u c e  a n o i s e  band c h w i g e  some 5 d a y s  l a t e r  
or a l t e r n a t i v e l y  a n o i s e  band c h a n g e  l e a d s  t o  a K - s u m  c h a n g e  5 o r  6 d a y s  
l a t e r .  The a u t o - c o r r e l a t i o n  f u n c t l o n s  f o r  t h e  two p a r a m e t e r s  f a 1  to 
r e v e a l  a n y  8 o r  9 day p e r i o d i c i t y .  
I *  . 
' .  
I n  s p i t e  of The a c c u m u l a t i o n  o f  a c o n s i d e r a b l e  q u a n t i t y  of d a t a  
on t h e  c h a r a c t e r i s t i c s  of t h e  n o i s e  band ,  i t s  o r i s n  LS s t i l l  u n c e r t a i n  
t h o u g h  i t  would seem p o s s ~ b l e  t h a t  p a r t i c l e s  t r a m p e d  i n  t h e  inrLer 
r a d i a t i o n  b e l t  c o u l d  be r e s p o n s i b l e .  From t i m e  t o  t i m e  i r r e g u l a r  
i m p u l s i v e  d i s t u r b a n c e s  o c c u r  i n  t h e  n o i s e  b a n d ,  of t h e  same g e n e r a l  
form as t h o s e  d e t e c t e d  b y  Bowman and  M a i n s t o n e ,  ( 1 9 6 4 )  a f t e r  t h e  n u c l e a r  
e x p l o s i o n  a t  J o h n s t o n  I s l a n d  ori July 9 ,  1962 and t h e s e  a r e  i n t e r p r e t e d  
as  b e i n g  d u e  t o  p a r t i c  l e  dumplng, 
The d i u r n a l  f r e q u e n c y  c h a n g e s  may a r i s e  f r o m  d i u r n a l  movements 
i n  l a t i t u d e  o f  t h e  r a d i a t i o n  b e l t .  The f a c t  t h a t  t h e  ToolangL r e c o r d s  
show a n o i s e  band of  p r e d o m i n a n t l y  l o w e r  f r e q u e n c y  t h a n  t h a t  a t  Esk 
s u g g e s t s  t h a t  i f  t h e  h J r p o t h e s i s  i s  c o r r e c t  t h e  r a d i a t i o n  b e l t  d r i f t s  
n o r t h w a r d  d u r i n g  t h e  n i g h t  u n t i l  some t i m e  a f t e r  m i d n i g h t ,  t h e n  moves 
s o u t h w a r d  a g a n  ~ s u c h  movements of high l a t i t u d e  a u r o r a e  a r e  o f  course 
n o t  uncommon and  a s imi la r  e f r e c t  bas b e e n  shown t o  OCCUI  w i t h  the o u t e r  
r a d i a t i o n  b e l t  ( O ' B r i e n .  1963) .  
T e p l e y  a n d  Amundsen (1965) have  r e c e n t l y  r e p o r t e d  a s i m i l a r  
n o i s e  band  which a p p e a r s  on t h e  Sonagrams f r o m  t h e i r  s t a t i o n s  
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CAPTIONS FOR FIGURES ~-.--- 
Sonagram o f  P c 3  a c t i v i t y  E s k :  8 t h  A u g u s t ,  1 9 6 2 ,  K 
c o n s t a n t ,  a t  4 _- 5 t h r o u g h o u t  t h e  d a y ,  P 
F i g u r e  '1 . - 
Sonagram of  P L ~  a c t - i v i t y ,  Esk, 1 5 t h  Augus t  1962.  K 
c h a n g e d  a b r u p t l y  f rom 3 ( p r i o r  t o  t h e  10 - 13 h 
p e r i o d )  t o  5 d u r i n g  t h i s  d a y ,  
F i g u r e  2 .  
D i u r n a l  v a r f a t i o n  o f  p e r i o d  of  P c 3  as  r e a d  from c h a r t  
r e c o r d s  a t  E&. 
F i g u r e  3 ,  
Sonagram of Pc3 a c t i v i t y ,  Esk, 2 6 t h  November, 1 9 6 2 ,  F i g u r e  -I 4 ,
F i g u r e  5,L 
F i g u r e  6 ,  - 
Sonagram of P c 3  a c t , i v i t y ,  T o o l a n g i ,  2 6 t h  November, 1 9 6 2 ,  
Sonagram of P c 3  a c t i v i t y ,  T o o l a n g i  ~ 1 9 t h  S e p t e m b e r  1963. 
The onset o f  t h e  main  a c t i v i t y  a t  a b o u t  0530 s h o u l d  b e  n o t e d -  
Sonagram o f  P c 3  a c t i v i t y ,  T o o l a n g i ,  3 0 t h  S e p t e m b e r ,  1963. 
The o n s e t  o f  P c 3  a t  a b o u t  0500 s h o u l d  b e  compared w i t h  t h a t  
a t  0530 on t h e  p r e v i o u s  d a y ,  2 9 t h  S e p t e m b e r ,  1963 ( F i g u r e  61 ,  
- F i g u r e  7 ,  
F i g u r e  8 .  
F i g u r e  9. 
Sonagram o f  t y p i c a l  P c 3  a c t i v i t y ,  Esk, May, 1962 
S o n a g r h n  o f  Pc3  a t  E& showing f r e q u e n c y  band s t r u c t u r e  
4 t h  November, 1 9 6 3 ,  HN-S component ,  
Band s t r u c t u r e  i n  P c 3  a c t i v i t y ;  Esk t e l l u r i c  r e c o r d i n g  - F i g u r e  10. 
component  a t  T o o l a n g i .  "- S Band s t r u c t u r e  i n  P c 3  a c t i v i t y ;  
p c 3 ,  HNmS c o m p o n e n t ,  r e c o r d e d  a t  S e a t t l e .  s h o w i n g  c l e a r l y  
t h e  banded s t r u c t u r e  
F i g u r e  1 1 .  
F i g u r e  1 2 ,  
Sonagram s h o w i n g  v a r i a t i o n  o f  band f r e q u e n c i e s ,  E s k ,  3 1 s t  
J u l y ,  1964. 
F i g u r e  13. 
Changes  i n  f r e q u e n c i e s  of band s t r u c t u r e ,  T o o l a n g i ,  1 0 t h  
March,  1963. 
F i g u r e  14. 
Sonagram o f  d a i l y  P c 3  a c t i v i t y ,  T o o l a n g i ,  2 1 s t  S e p t e m b e r ,  
1963. 
F i g u r e  16. - - "- S D i s t i r b u t i o n  of o c c u r r e n c e  of P c l  ( P e a r l )  b u r s t s ,  
c o m p o n e n t s  a t  Esk, May, 1962 t o  J a n u a r y ,  1 9 6 4 ,  
Sonagram of P C ~  ( P e a r l )  e v e n t .  F i g u r e  17. - 
F i g u r e  ?8, 
’ .  F i g u r e  190  
F i g u r e  2 0 ,  
F i g u r e  2 1 .  
F i g u r e  2 2 0  
Sonagrams of F e a v l  e v e n t s  o b s e r v e d  s i m u l t a n e o u s l y  a t  Esk 
and T o o l a n g i  ( N o t e :  t h e  t i m e  s c a l e s  f o r  t h e  two s o n a g r a m s  
a r e  n o t  e q u a l  1 .  
D i s t i r b u t i o n  of  P c l  Mid-band f r e q u e n c i e s ,  HNmS component  a t  
Esk, May. 1962  t o  J a n u a r y ,  1964 .  
Compar ison  o f  P c l  b u r s t s  a t  1940  U . T .  on  1 3 t h  A u g u s t ,  1962  
a t  Esk ( l o w e r )  and a t  0400 U,T. on 1 4 t h  A u g u s t .  1 9 6 2  a t  
Chambon ( u p p e r ,  t a k e n  from G e n d r i n ,  1 9 6 3 ) .  
Sonagram showing  f r e q u e n c y  v a r i a t i o n  o f  n o i s e - b a n d  a t  - 250 
- 500 mc/s ,  E s k ,  HNmS components  1 3 t h  O c t o b e r  1 9 6 2 ,  
V a r i a t i o n  of  n o i s e - b a n d  f r e q u e n c y  o v e r  a p e r i o d  o f  a b o u t  12 
h o u r s  c e n t r e d  on  m i d n i r h t .  L O T .  Reproduced  f rom a Rayspan  
A n a l y s e r  r e c o r d .  
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CLOSELY - SPACED - STAT1 ONS I N  - SOUTH-  EAST QUEENSLAND 
R,E. D u n l o p  and  I . M ,  B r a z i e r  
T h i s  s t u d y  was i n i t i a t e d  t o r  t h e  t w o - i o l d  p u r p o s e  o f  
(5.) o b t a i n i n g  i n f o r m a t i o n  r e g a r d i n g  t h e  p r o p a g a t i o n  of  t h e  m i c r o -  
p u l s a t i o n - p r o d u c i r c g  d i s t u r b a n c e  a n d ,  (11) i n v e s t i g a t i n g  t h e  e f f e c t s  o f  
l o c a l  g e o l o g y  o n  m a g n e t c - t e l l u r i c  s i g n a l s .  
Althclugh d a t a  h a s  been p u k l i s h e d  r e c e n t l y *  p e r t a i n i n g  t o  
(i), t h e  e x p e r i m e n t  TO be d e s c r i b e d  1s s u b s t , a r i t i a l i y  d i f f e r e n t  from t h a t  
o f  H e r r o n ,  F u r t h e r ,  d s y s t e m a t i c  s t u d y  o f  l o c a l  g e o l o g i c a l  e f f e c t s  w i l l  
b e  o f  c o n s i d e r a b l e  i m p o r t a n c e  i n  t h e  f i e l d  of  m i c r o p u l s a t i o n  r e s e a r c h .  
I n  t h e  a r ea  c h o s e n  for t h i s  s t u d y ,  t h e  g e o l o g y  IS r e l a t i v e l y  s i m p l e  b u t  
c h a n g e s  u r i i f o r m l y  a l o n g  one d i r e c t i o n .  F i g u r e  'I shows t h e  g e o g r a p h i c a l  
and  g e o l o g i c a l  l o c a t i o n  o f  t h e  r e c o r d i n g  s i t e s .  Over u n d e r l y i n g  s a n d -  
s t o n e ,  a wedge-shaped l a y e r  of b a s a l t  e x t e n d s  w e s t w a r d s  f r o m  Toowoomba 
(140 k m  from t h e  c o a s t  line) The t h i c k n e s s  r a n g e s  from a b o u t  300 
m e t r e s  t o  e f f e c t i v e l y  z e r o  a t  t h e  rrost  d i s t a o t  r e c o r d i n g  s t a t i o n ,  
M a g n e t o - t e l l u r i c  s i g n a l s  were r e c o r d e d  i n  two d i r e c t i o n s  ( N - S )  
a n d  (E-W)  a t  e a c h  o f  two s i t e s  s i m u l t a n e o u s l y .  I n  o r d e r ,  t o  ob ta- in  s u c h  
s i m u l t a n e o u s  r e c o r d s ,  a l l  f o u r  s i g n a l s  were r e c o r d e d  o n  t h e  one m a g n e t i c  
t a p e ,  t h e  two c h a n n e l s  from one  s t a t i o n  b e i n g  t e l e m e t r e d  LO t h e  o t h e r  
s t a t i o n ,  where a l l  i n f o r m a t i o n  w a s  r e c o r d e d .  
- Base S t a t i o n  Equipment 
The e s s e n t i a l  f e a t u r e s  a r e  shown i n  F i g u r e  2 ,  S i g n a l s  were 
o b t a i n e d  f r o m  t h r e e  l e a d  ( P b )  p r o b e s ,  p l a c e d  t o  g i v e  t h e  N o r t h - S o u t h  
a n d  E a s t - W e s t  c o m p o n e n t s  of  t h e  m a g n e t o - t e l l u r i c  f i e l d  a One p r o b e  w a s  
common t o  e a c h  d i r e c t i o n  and i s  u s e d  a s  t h e  e a r t h  p o i n t  f o r  a l l  t h e  
s t a t i o n  e q u i p m e n t ,  S i g n a l s  of t h e  o r d e r  o f  m i l l i v o l t s  were  o b t a i n e d  
w i t h  p r o b e  s p a c i n g s  o f  a p p r o x i m a t e l y  150 m e t r e s ,  S i n c e  a l l  t h e  s i t e s  
u s e d  i n  t h i s  e x p e r i m e n t  were  on  f a r m s ,  t h e  p r o b e  s p a c i n g s  v a r i e d  
d e p e n d i n g  o n  l o c a l  b u i l d f n g s  e t c .  T e l e p h o n e  w i r e  w a s  u s e d  t o  c o n n e c t  
t h e  p r o b e s  t o  t h e  work h u t  and s i n c e  t h e s e  were  p r o n e  t o  b r e a k a g e  (wind  
a n d  farm a n i m a l s  b e i n g  t h e  w o r s t  o f f e n d e r s )  t h e  f i r s t  u n i t  t o  which t h e s e  
were c o n n e c t e d  w a s  a p r o b e  c o n t i n u i t y  t e s t e r  ( F i g .  3 )  i n  whlch a D . C .  
p o t e n t i a l  c o u l d  b e  s w i t c h e d  t o  two o f  t h e  p r o b e s  i n  t u r n  T h i s  u n l t  
a l s o  c o n t a i n e d  a power f a i l u r e  i n d i c a t o r  
* H e r r o n ,  T . J , :  J . G . R .  - 9  1 1  5 ,  871 F e b r u a r y  1 ,  1966, 




I n  o r d e r  t o  e l i m i n a t e  n o i s e  ( m a i n l y  50 Hz s i g n a l  from t h e  power 
l i n e s )  and t h e  h i g h e r  f r e q u e n c y  components  t h e  s i g n a l  w a s  p a s s e d  t h r o u g h  
a l o w  p a s s  R-C s e c t i o n  w i t h  a r u t - o f f  f r e q l . i e = C ; r  c- f  350  HZ a:,d 2 5C! Ez 
r e j e c t i o n  f i l t e r ,  The c i r c u i t  i s  shown i n  F i g u r e  4. A t t e n u a t i o n  a t  
50 Hz i s  a b o u t  60 d b ,  
With t h e  l a r g e  s i g n a l  o b t a n e d .  a s i m p l e  b a l a n c e d  t r a n s i s t o r  
c h o p p e r  a m p l i f i e r  ( F i g .  5) w a s  S u F f i L i e n t  t o  d r i v e  t h e  f o l l o w i n g  
c i r c u i t r y ,  The g a i n  o f  t h e s e  a m p l i f i e r s  w a s  a b o u t  65 db o v e r  t h e  r a n g e  
20 - 100 m H z ;  t h e  r e s p o n s e  f e l l  o f f  be low 20 mHz b e c a u s e  of  t h e  i n p u t  
c a p a c i t i v e  c o u p l i n g ,  
The f o l l o w i n g  f i l t e r  u n i t  ( F i g .  6 )  had  a f l a t  p a s s b a n d  from 
10 t o  100 mHz, w i t h  12 d b / o c t a v e  r o l l - o f f  o n  e i t h e r  s i d e .  O u t p u t s  
f rom t h e  f i l t e r  p r o v i d e d  s i g n a l  t o r  'chart, m o n i t o r i n g  and  f o r  t h e  
v o l t a g e - c o n t r o l l e d  o s c i l l a t o r s  which w e r e  d e s c r i b e d  i n  t h e  t h i r d  s e m i -  
a n n u a l  r e p o r t  o f  May, 1966 
The V . C . 0  ' s  o p e r a t e d  a t  f r e q u e n c i e s  of 270 and 400 Hz. 
F r e q u e n c y  d e v i a t i o n  w a s  s e t  t o  It 7gh for a n  i n p u t  s i g n a l  of 1 m i l l i v o l t  
p e a k - t o - p e a k ,  The s q u a r e  wave o u t p u t s  were  f i l t e r e d  t h r o u g h  a s e r i e s  
o f  R , C .  f i l t e r s  and  t h e  r e s u l t i n g  s i n e - w a v e s  mixed and  u s e d  t o  
a m p l i t u d e - m o d u l a t e  t h e  o u t p u t  o f  a 55.3 MHz t r a n s m i t t e r  The power 
d e l i v e r e d  t o  t h e  t h r e e  e l e m e n t  Y a a  a n t e n n a  w a s  a b o u t  30 w a t t s  whlch 
p r o v e d  t o  be more t h a n  s u f f i c i e n t  f o r  t e l e m e t r i n g  o v e r  t h e  d i s t a n c e s  
u s e d .  T h i s  f r e q u e n c y  ( o n e  of t h e  few very h i g h  f r e q u e n c i e s  a v a i l s b l e )  
h a d  one  m a j o r  d i s a d v a n t a g e ,  t ,ha t  of t e l e v i s i o n  i n t e r f e r e n c e .  For t h l s  
r e a s o n  d a t a  w a s  r e c o r d e d  from a b o u t  11  p.m. u n t l l  5 p.m. o n l y .  
To f a c i l i t a t e  o p e r a t i n g  p r o c e d u r e s  and c a l i b r a L i o n  e a c h  s t a t i o n  
w a s  e q u i p p e d  w i t h  a r a d i o  t e l e p h o n e  o p e r a t i n g  o n  6 MHz Both s t a t i o n s  
were  manned c o n t i n u o u s l y  d u r i n g  r e c o r d i n g  p e r i o d s .  
Mobi le  S t a t i o n  Equipment  --
T h i s  e q u i p m e n t  w a s  h o u s e d  i n  a c a r a v a n  t o  a l l o w  e a s y  
t r a n s p o r t a t i o n  t o  t h e  v a r i o u s  r e c o r d i n g  s i t e s .  A l l  c i r c u i t r y  f o r  t h e  
r e c o r d i n g  o f  l o c a l  s i g n a l s  w a s  i d e n t i c a l  t o  t h a t  described i n  t h e  
p r e v i o u s  s e c t i o n .  The e x t r a  e q u i p m e n t  r e q u i r e d  f o r  t h e  t e l e m e t r y  
r e c e p t i o n  and s u b s e q u e n t  d a t a  r e c o r d i n g  i s  shown s c h e m a t i c a l l y  i n  
F i g u r e s  7 and 8. 
A f t e r  d e t e c t i o n ,  t h e  m o d u l a t i n g  s i g n a l  w a s  p a s s e d  t h r o u g h  two 
a u d i o  p a s s  band f i l t e r s  t o  s e p a r a t e  t h e  c a r r i e r  f r e q u e n c i e s ,  T h e s e  
were t h e n  d e m o d u l a t e d  ( F i g -  9 )  and f e d  i n t o  c h a r t - d r i v i n g  a m p l i f i e r s  
f o r  m o n i t o r i n g  p u r p o s e s .  For t a p e - r e c o r d i n g  t h e  f i l t e r  o u t p u t s  were 
c l i p p e d ;  a t  t h i s  s t a g e  a l l  f o u r  s i g n a l  c o m p o n e n t s  w e r e  i n  t h e  f o r m  of 
f r e q u e n c y - m o d u l a t e d  s q u a r e - w a v e s -  Three  R - C  l o w - p a s s  n e t w o r k s  
f i l t e r e d  o f f  mos t  of  t h e  h a r m o n i c s  i n  e a c h  t r a c k ,  and a f t e r  m i x i n g  w l t h  
a b i a s  s i g n a l  were  r e c o r d e d  on  m a g n e t i c  t a p e  moving a t  15 i n c h e s  p e r  
m i n u t e .  The o u t p u t  f rom a f i x e d  f r e q u e n c y  o s c i l l a t o r  (300 Hz) w a s  a l s o  
c mixed w i t h  o n e  o f  the $00 Xz c a r r i e r s ;  t h e  u s e  of this s i g n a l  f o r  
r ' ~ f i r ~ ~ r r  c o r r e c t i o n  i s  d i s c u s s e d  e l s e w h e r e  i n  t h i s  r e p o r t  ( C h a p t e r  II,I) e 
~ a e r i m e n t a l  Data 
I '  ' 
Data h a s  b e e n  r e c o r d e d  f rom four d i f f e r e n t  m o b i l e  s i t e  
p o s i t i o n s ,  shown i n  F i g u r e  1 ,  The r e c o n s t r u c t i o n  and  d i g L t i z a t i o n  of 
t h e  s i g n a l s  a r e  d i s c u s s e d  i n  C h a p t e r  I1 of t h i s  r e p o r t .  A u t o m a t i c  
d a t a  p r o c e s s i n g  u n d e r  d e v e l o p m e n t  will a l l o w  power s p e c t r a ,  c o h e r e n c i e s  
a n d  c o r r e l a t i o n s  t o  be computed .  
. 
62.  
1 .  





FIG. 1. GEOGRAPHICAL & GEOLOGICAL MAPS OF RECORDING SITES. 
. 
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